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Lengthening and Shaping 





Trimming the Flash Finishing and Polishing 


The Harvey Metal Corporation 


HAROLD B. HARVEY ’05 


Engineers and Manufacturers 


74th Street and Ashland Avenue Chicago 36, Illinois 
FORGINGS IN ALUMINUM — BRASS — BRONZE — COPPER — MAGNESIUM — MONEL — ALLOYS 
MACHINING FACILITIES 




















HERE’S 
A BIG EXPENSE 
YOU CAN CONTROL 


nnn 
Industrial Eye Accident Costs UP 782% 


OVER 1939 COSTS 


In these days of rising costs when you put a “tracer of lost profits” 
on your books, you may see that it isn’t only the rising costs of 
raw materials and labor that eat into your net! Eye accidents 
throughout industry average more than $5 per employed shop 
worker per year. You can avoid the unnecessary costs of eye 
accidents (sometimes represented by 4-figure claims) by installing 
an adequate eye protection program. Your AO Safety Represent- 
ative can show you how 98% of all eye accidents can be prevented 
by such a plan and how large your savings can be! 


American @ Optical 


Southbridge, Massachusetts + Offices in Principal Cities 
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CONSIDER THESE PROPERTIES OF 


SANDEE 
CELLULOSE ACETATE BUTYRATE 


Sandee CFLUOSE ACETATE BURATE S2ctewsions | Some 7 


—3000 to 5000 p.s.i. 


3. Impact Resistance 
— Excellent at normal temperatures 


: : . 4. Heat distortion—170° °F. 
has attained an excellent reputation for appearance and service- ae Sew Ss 


ability in widely diversified fields. This is not only true in in- 5. Rigidity —Good to very good 
jection molded and fabricated items but is equally true in Extruded 6. Dimensional Stability 
Rods, Tubes, and simple and complicated shapes. Colorful, tough, —Good to very good 
easily machined and easily formed to fit specific contours, it is serving . Water Absorption —1 to 2% 
to complete satisfaction in fields ranging from rods and tubes for toys 
to furniture and refrigerator trim. 


Study the properties of this excellent general purpose material, then 
check with Sandee for confirmation of suitability to your requirements. 
Sandee’s practical know-how in extrusion often helps in altering de- - Finish —Excelient 
signs for improvements in functional utility, appearance, and cost. . Machinability —Excellent 


ws HIS general purpose material, under the trade name TENITE II, 


. Burning Rate —Slow 
. Odor —Nil to faint 
. Color — Unlimited 
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andee Manufacturing Company 


5050 FOSTER AVENUE oe CHICAGO 30, ILLINOIS 
EXTRUDED-PLASTICS AND SPECIAL TOOL S{} 
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LABELING MACHINES 
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ABRASIVE PAPER 
AND CLOTH: -- 
SHARPENING STONES 
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YOUR KITCHEN 
DEPENDS ON ABRASIVES 
. » « and REFRACTORIES 


Tae the sheet steel and stainless steel of refrigerator, range and 
cabinets—Norton wheels grind defects from the steel billets; Norton 
grinding wheels and machines surface the rolls that roll the billets into 
sheets; Norton abrasives polish the sheets. 

The dependable performance of refrigerator, dish washer and other 
operating appliances comes from the precision produced by Norton 
grinding wheels and machines, and the still further precision produced 


by Norton lapping machines. 





The gleaming porcelain enamel of 
refrigerator, range and sink is pro- 
duced in furnaces lined with Norton 
high-temperature refractories. And 
Norton refractories have an impor- 
tant function in the heating units of 
your electric range. 


NOR 
TON COMPANY WORCESTER 6, MASS. 
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Soaking wet to bone dry 


— in split seconds 


Water logged waste becomes usable 
fuel—and many a useful, but moisture- 
laden, product is dried in a twinkling 
by Flash Drying. 

In this ingenious development, air 
at a temperature which would make 
steel glow removes moisture so swiftly 
and uniformly that scorching and burn- 
ing never occur. Proteins and other 
organic substances are dried without 
structural breakdown. Wet coal par- 
ticles from mine washeries are con- 
verted from a disposal problem to a 
valuable fuel. 

Flash Drying may seem a far cry to 
you from C-E’s familiar field of steam 
generation. Yet actually, the generation 
and utilization of heat is the common 
basis of all C-E products—products 


which touch your life in innumerable 
ways. C-E Boilers, by supplying steam 
for heat and power, contribute to the 
production of your food, your clothing, 
your car—and the electricity you sum- 
mon by the flick of a switch. 

C-E Marine Boilers powering cargo 
vessels bring the products of the world 
to your door. The chances are C-E 
Pressure Vessels help to provide gas for 
your car and many common household 
chemicals. Your shopping bags may 
come from a C-E equipped paper mill 
and —if you are lucky —your hot water 
from a C-E Automatic Water Heater. 

Yes, the C-E flame is found in these 
and many other industries that serve 
you—a: symbol of the efficient use of 
heat for your daily needs. B-219 
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Saas 


COMBUSTION 
ENGINEERING 


200 MADISON AVE. * N. Y. 16, N. Y. 
C-E Products include all types of Boilers 
Furnaces * Pulverized Fuel Systems 
Stokers * Superheaters * Economizers 
Air Heaters. Also, Pressure Vessels 
Chemical Recovery Equipment * Flash 
Drying Systems * Sewage Incineration 
Equipment * Domestic Water Heaters. 
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employee training 


--.- ONE OF OUR MOST IMPORTANT “PRODUCTS” 





Ra fc Rote Welding, Radio-frequency 
Heating, Electronics . . . these are 
typical of the new techniques and 
Piste now finding wide use in industry. Not only 
must present employees be trained in their use. The 
training job is a continuous one — as new employees are 
added or old ones shifted. 

In training its own application engineers in these 
techniques—as well as Motor Maintenance, Planned 
Lighting, ete.— Westinghouse has developed certain 
proved training methods. By means of sound films, 


printed lesson books and quiz books, practical usec of 


the equipment are explained in readily understandable 


sNCy 
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Tune In Ted Malone . . Every Morning, 
Monday through Friday. ABC Network 
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form. The success of these training courses has led us 
to make them available for customer use, to help your 
employees produce faster, cheaper, better. 

Producing equipment is only part of our job. Helping 
customers to use it most efficiently, we also accept as a 
definite responsibility. Why not investigate the training 
courses available through your Westinghouse office? 


TRAINING PROGRAMS on new industrial techniques and 
equipment are just one of many broad-gauge Westinghouse 
services for industry. Call your Westinghouse office for help 
on any design, application or maintenance problem involving 


electrical or steam power. J-85013 
PLANTS IN 25 CITIES . OFFICES EVERYWHERE ~ 


MORE PRODUCTIVE POWER FOR INDUSTRY 
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e Pump 


n either direction 


No. 8 vom. 
operates ! 






... For circulating oil to 
cutting tools of light metal working machines or 
for lubricating mechanical units. 


Two vanes, rotating in an eccentric ring, alternately pro- 
duce suction and compression. This gives a constant flow 
in one direction whichever way driving shaft is rotating. 
Either side of pump can be used for suction by making 
a simple adjustment. For construction details and instal- 
lation dimensions, write Brown & Sharpe Mfg. Co., 
Providence 1, Rhode Island. 


GEARED * VANE * CENTRIFUGAL + MOTOR DRIVEN (BS 


BROWN & SHARPE 
PUMPS 











Always 
Forward 


Backed by years of experi- 
ence, DIEFENDORF maintains 
its high standards of gear 
manvfacturing—striding con- 
stantly forward—meeting and 
fulfilling new demands of 
progressive industry. 


With individual attention to 
each gearing problem, DIEF- 
ENDORF GEARS are cut pre- 
cisely to specification. Gears 
of all types—all metals or 
non-metallics. 


DIEFENDORF GEAR 
CORPORATION 
Syracuse 1, N. Y. 
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Tomorrow’s Living. — Proressorn Tuomas K. 
SHERWOOD, '24, Dean of Engineering, is an able ex- 
positor (page 98) of his belief that both barrels of our 
educational shotgun should be fired together; one bar- 
rel to instill in the general citizenry an understanding 
of the true meaning, significance, and methods of sci- 
ence, and the other barrel to broaden the training of 
scientists and engineers through a better understand- 
ing of economics, history, social sciences, and the 
many other topics which can be conveniently lumped 
together as the humanities. In this way he envisions a 
more intelligent approach to tomorrow’s living. Dean 
Sherwood is scientist turned educational administra- 
tor. He received the bachelor of science degree from 
McGill University in 1923, and from M.I.T. the S.M. 
and Sc.D. degrees in 1924 and 1929, respectively. Dur- 
ing World War II he was a member of the National 
Defense Research Committee, a consultant on the Ba- 
ruch Committee and to the War Department. 


Today’s Progress. — TENNEY L. Davis, ’13, turns 
up evidence (page 101) that Chinese warriors of cen- 
turies ago were formidable foes, having developed 
rocket-arrows for military purposes certainly as early 
as the Seventeenth Century and possibly as early as 
the Thirteenth. The documentary evidence which Dr. 
Davis has unearthed in his research for this article 
gives ample evidence that today’s progress depends 
on past accomplishments. As an authority on modern 
explosives, an able historian for chemistry, and a fre- 
quent contributor to 'earned journals, Dr. Davis is 
well qualified to prepare this article for The Review. 
At Harvard he received an A.M. degree in 1915 and a 
Ph.D. degree in 1917. He was a member of the Insti- 
tute’s Faculty from 1919 until his resignation in June, 
1942. He is director of scientific research and develop- 
ment of National Fireworks, Inc. 


Yesterday’s Tribute. — In spite of the doctrines of 
dictators, to the contrary, science knows no national- 
ity; although the barriers of language may temporarily 
hold men of science apart, their professions bring 
them together. No better example could be cited than 
the tribute which a German scientist paid to a modest 
French professor of mathematics somewhat more than 
half a century ago when feelings of nationalism were 
probably at their height. Davi and Cuan orre B. 
Lanpavu record (page 103) the warm, personal life of 
André-Marie Ampére, and the part which Helmholtz 
played in immortalizing the French savant. In New 
York, David Landau follows his vocation as engineer, 
specializing in stress studies and elastic theory, where- 
as Charlotte B. Landau, a graduate in science from 
French schools, is-a teacher and writer on science and 
scientists. 


Enzyme Kinetics. — SamMueL A. GoLpsiitn, *40, 
whose Trend piece appears on page 97, is a graduate 
student in the Department of Food Technology where 
he is studying for an advanced degree. 
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Blind man’s buff is an expensive game 
to play with alloy steels. It is safer to 
go directly to the steel that will give the 
best performance at the lowest cost per 
finished part. 

Molybdenum steels have shown time and 
again that they will provide consistently 
good properties at surprisingly low cost. 
Even their impact strength is consistent 
because they are not temper brittle. 

Send for our comprehensive 400-page 
book, free; “MOLYBDENUM: STEELS, 
IRONS, ALLOYS.” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS 


Climax Molybdenum Company 
500 Fifth Avenue - New York City 
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MARTIN-HUBBARD CORPORATION 


Engineering Consultants 


Computers — Servomechanisms 
Instrumentation for Nuclear Research 
Applied ultrasonic research and development 


Design and construction of scientific instruments 


to your performance specifications 


Complete engineering of original or unique electrical 
and mechanical devices and machinery 


Technical reports 
11 BEACON STREET 


BOSTON 8, MASSACHUSETTS, U. S. A. 


“Cable Address MARHUB-Boston™ 


Telephone: CApitol 7-6990 











POCKET DIAL 
INDICATOR 
No. 1010 
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An ideal precision-made gage for meas- 
uring paper, leather, sheet metal, wire, 
plastics, etc. Indispensable for inspec- 
tors, salesmen, buyers, stock clerks. Dial 
reads in thousandths, 0-.100”, range 34” 
with “rev” counter. Chrome plated case, 
all parts stainless steel, non-breakable 
erystal. Decimal equivalents on back. 
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Centenarians Familial 


From Goprrey L. Casor, ’81: 

I notice on page 40 of your November, 1948, number 
that Henry Richards of the Class of 1871 has celebrated 
his 100th birthday. If I correctly understand it, he is the 
brother of the late Robert H. Richards of the Class of 1868 
who also lived to pass his 100th birthday. I do not recall 
any other authenticated case in history of two members 
of one family reaching and passing the age of 100 years. 
Boston, Mass. 


Music and Mechanism 


FRoM HERBERT V. WHITE: 

Last summer a friend gave me a copy of the June, 1948, 
issue of The Review. His primary purpose in doing so 
was that I might see the photograph on the front cover. 
Due to the fact that I am an organist, this photo was of 
much interest to me. However, I am unable to identify 
the organ pictured. Would you kindly send me, at your 
earliest convenience, any information which you might be 
able to obtain on the instrument. 

Hartford, Conn. 


[As we informed Mr. White and the many other in- 
quirers about this photograph, the organ console pictured 
is located at Wanamaker's store in Philadelphia. — Ed.] 


Bouquets for Volume 50 


From Car T. KELLER: 

I hate to inflate your ego any further, but in justice to 
the men who really do the work, I state that the last [July] 
number of The Review was not only the best, to my mind, 
of all the many issues of that excellent magazine which I 
have read, but the best of any such publications which I 
have ever seen. Even Mrs. Keller read parts of it with 
interest and I devoured it from “kiver to kiver”! I am keep- 
ing it amongst my treasures. My congratulations and keep 
it up! 

Boston, Mass. 

















THE L. S. STARRETT COMPANY 
Athol, Massachusetts 


Please rush my free copy ’ 
STARRETT NEW TOOLS BOOKLET “L” 
Name on a Rr a 
City Zone State 
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Speed with 


Economy 











We recently completed this power house as part of 
the new plant built for the Pfizer Company at Groton, 
Conn.—our 28th contract from Pfizer since 1928. 

Chas. Pfizer is but one of many well-known com- 
panies whose repeat contracts evidence continued con- 
fidence in our ability. 


W. J. BARNEY CORPORATION 


FOUNDED 1917 
101 PARK AVENUE, NEW YORK 


INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett, ’20, Vice President 
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“Energy and persistence conquer all things” — BENJAMIN FRANKLIN 








Why power now serves us better 


When it comes to power, the dreams of our childhood are 
fast becoming a reality. For no matter what our needs, spe- 
cial motors or engines are now designed to meet them. 


From the tiny thumb-sized motors in electric razors— 
and the surge of the engines in our cars—to the pulsing tur- 
bines that propel our ocean liners . . . today’s power is bet- 
ter, more dependable than ever before. And these advances 
were brought about by research and engineering ... and 
by today’s better materials. 

Examples? Better metals for giant turbines and genera- 
tors, improved transformers and transmission lines. Stain- 
less steel, resistant to rust and corrosion. Better plastics that 
make insulation fire-resistant, and more flexible and wear- 
proof ... for the millions of miles of wires it takes to make 
power our servant.’ 


There is a promise, too, of even greater, more concen- 
trated power. Atomic power harnessed for industry and the 


home... approaching man’s dreams for the future through 
research and engineering. This also takes such materials as 
carbon ... from which the all-important graphite, used to 
“control” the splitting atom, is made. 

The people of Union Carbide produce materials that help 
science and industry improve the sources and uses of power 
..-to help maintain American leader- 
ship in meeting the needs of mankind. 

FREE: You are invited to send for the new illus- 
trated booklet, “* Products and Processes,”’ which 


shows how science and industry use UCC’s 
Alloys, Chemicals, Carbons, Gases and Plastics. 


Union CarRBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET UCC NEW YORK 17, N. ¥. 


Products of Divisions and Units include 


NATIONAL CARBONS «¢ BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS 
Prest-O-LirE ACETYLENE * 
PRESTONE AND TREK ANTI-FREEZES * SYNTHETIC ORGANIC CHEMICALS 


LINDE NITROGEN ¢ LINDE OXYGEN °* 


ELECTROMET ALLOYS AND METALS « HAYNES STELLITE ALLOYS * 


¢ EVEREADY FLASHLIGHTS AND BATTERIES * ACHESON ELECTRODES 
PYROFAX GAS 




















automobile 


Zg 
Han lift lo toble 
carbon black is essential. 


Present in the tires, the lacquer finish, 
the electrical insulation, the storage battery; 
in brake linings, gaskets, door and window 


channels, floor mats, in paper and 





fibre kick boards, undercoating, and 


plastic trim... This is one example of the oy - ¥ :fehs 
——. =e 


varied applications of carbon black 
within a single industry... Perhaps your 
product needs carbon black. 


We will gladly furnish technical data. 


GODFREY L. CABOT, INC. 


77 Franklin Street, Boston 10, Mass. 
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Large ethylene plants are much like big petroleum refining units. 

An ethylene plant must be designed for high yields, varying charge 
stock compositions, economical operation and minimum investment 
costs. Fundamental design must take a long term view of the plant— 
ease of operation, long on-stream periods, minimum turnaround time 
and low maintenance costs. 

Long range thinking, good engineering, careful planning by Jefferson 
Chemical Company and Lummus are reflected in the performance of 
this ethylene plant at Port Neches. This plant is producing high yields 
of ethylene from varying charge stock compositions. When shut down for 
scheduled inspection after five months initial run, turnaround was com- 
pleted in about fourteen days. Examination showed equipment to be 
unusually clean and in good mechanical condition. 

Playing an important part in the high yields of this ethylene plant are 
the Lummus Cracking Heaters, especially designed to obtain required 
temperature-time relationship with minimum coke deposition. On-stream 
periods of two months have been obtained and there are good possibili- 
ties of extending these periods. 

Including an ethylene plant now under construction, Lummus has de- 
signed four plants for the production of ethylene from petroleum, with a 
total capacity of approximately half million pounds per day. 
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ar LUMMUS COMPANY 
420 Lexington Avenue, New York 17, N.Y. 


LUMMUS 


CHICAGO—600 South Michigan Avenue, Chicago §, Ill. 
HOUSTON—Mellie Esperson Bidg., Houston 2, Texas 








LONDON —525 Oxford Street, London, W.1, ci 
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Iv’ll make a huge difference 


in your car, too! 











Here’s what A. Montz, JR., La Place, 
La., says about the first new kind of 
tire in 15 years: ‘‘My car isa 1939 model. 
I’ve had Super-Cushions on it ever since 
last year, and they certainly have made 
a great improvement in the way it rides 
and handles. Even on rough washboard 
roads, it rides smoothly, and most of 
the rattles have been taken out of the 
car. Steering is easier on the highway, 
too, because these Super-Cushions don’t 
bounce over bumps.” 


The Super-Cushion is bigger and softer 
. .. runs on 24 pounds of air . . . but 
will fit your present wheels! You’ll get 
a softer ride, less wear on your car, fewer 
rattles and repair bills, greater mileage 
and blowout resistance. See your Good- 
year dealer today! 


MILLIONS OF SUPER-CUSHIONS ARE NOW 
IN USE ON NEW AND OLDER CARS! 





-~ .. a 
/}7 oy 7x 


/}} 


oe 
=~ 
one 
= 
= 
— 
= 
-_ 


NH 


' RY \\ 





We think you'll like “THE GREATEST STORY EVER TOLD” — every Sunday—ABC Network 
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The new pew cushion 


é Super-Cushion T. M.—The Goodyear Tire & Rubber Company 
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The Trend of Affairs 


Bountiful Bossy 


persons in the United States. And by diverting 

Bossy’s milk secretion from its original purpose 
of nurturing her calf, man has gained not only an im- 
portant element of his food supply,* but also an exten- 
sive array of valuable nonfood products. 

One serious difficulty in the economy of the cow has 
been the problem of by-products. Even calves may be 
by-products, for often the main purpose of calving is 
to freshen the cow’s flow of milk. Furthermore, only 
half of the milk produced in this country is consumed 
as such; the remainder is used to make cream, butter, 
or cheese. Separation of cream leaves skim milk as a 
by-product; butter production leaves buttermilk; and 
cheese manufacture leaves whey. But in each process 
the by-product amounts to well over 90 per cent by 
weight of the original milk. 

Originally skim milk, buttermilk, and whey were 
either discarded or returned to farms for feeding to 
livestock. Later some skim milk, particularly in con- 
centrated or dried form, found its way into the food- 
manufacturing industries. Nevertheless, these milk 
by-products, until recently, represented a serious eco- 
nomic loss, as well as a waste of potentially valuable 
materials. Now, however, such waste has been virtu- 
ally eliminated by successful application of the chem- 
urgic approach, leading to separation of the by- 
products into various fractions, for use as such, for 
modification, or for use as ingredients in the making of 
numerous valuable products, some of them extraordi- 
narily remote from the original food nature of milk. 

The first constituent of milk to find industrial appli- 
cation was casein. Casein is a protein that constitutes 
some three per cent of whole milk; it is separated from 
by-product, skim milk, by coagulation, either with 
acid or with the enzyme, rennet. The original use for 
casein, and still the largest one, is in coating paper. 
Casein is also used in adhesives, paints, plastics, rub- 

* The Technology Review, May, 1947, page 403. 


r | HERE are now one fifth as many dairy cows as 
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ber, and building materials. Recently, casein fibers 
have been perfected for use in textiles; ‘these fibers can 
be made with properties simulating those.of the rela- 
tively expensive fur and wool. Likewise paintbrush 
bristles, now made from casein, are said to rival the 
costly natural hog bristles normally used. Digests of 
casein, and also of lactalbumin, a secondary milk pro- 
tein, are used as flavoring materials in food manufac- 
ture, for pharmaceutical applications in amino-acid 
therapy, and also as ingredients in bacteriological me- 
dia where they supply nutrients for micro-organisms. 
Calcium or sodium salts of casein are used in infant 
feeding. 

Another milk constituent that falls into the by-prod- 
uct category is the sugar, lactose. Lactose, it is of in- 
terest to note, is the only commercially important 
sugar of animal origin. It is also the largest single com- 
ponent of the solids of milk, as it constitutes approxi- 
mately five per cent by weight of the average milk. 
Lactose remains in the whey resulting from cheese 
manufacture, so that this material, as well as the by- 
product, skim milk, is a commercial source of the 
sugar. The uses of lactose are many and varied. Cer- 
tain of its properties make it uniquely valuable as an 
excipient and coating in pharmaceutical manufacture. 
It is frequently used in infant foods. Some processes 
for penicillin production rely upon lactose as an essen- 
tial ingredient of the substrate. Lactose also is the raw 
material for a fermentation process that yields lactic 
acid, a material widely used in industry. 

In addition to the utilization of whey by separating 
out of lactalbumin and lactose, considerable whey is 
now used unaltered as the substrate for another indus- 
trial fermentation that yields a good vinegar. 

As a result of the developments described, little 
skim -milk, whey, or buttermilk need be discarded to- 
day. The average cow produces some two tons of milk 
annually, and now that virtually all, rather than ap- 
proximately half, of this bountiful flow is being put to 
useful purposes, Bossy has become still further en- 
trenched as a valuable citizen. 








Photo by Harold E. Edgerton, ’27 


Studies of the metabolism of the bat require an unusual grasp 

of thermodynamics, as well as of biology, for the body tempera- 

ture of these flying creatures in flight (about 104 degrees F.) is 
considerably greater than that at rest. 


Internal Environment 


N one of his more celebrated essays, circa 1928, “On 
Being the Right Size,” J. B. S. Haldane recounted 
some of the problems that plague the very large and 
the very small animals. The immutable laws of geome- 
try ordain that, as long as mammals keep more or less 
the same shape, the ratio of surface to total weight 
must go up as their size goes down. It takes about 
5,000 mice to weigh as much as one man, but between 
them the rodents have about 17 times as much skin 
area. Since they lose about 17 times as much heat as 
man (the body temperature of mice and men is much 
the same) the rodents require 17 times as much oxy- 
gen to burn the much greater quantities of food they 
need. In fact, a mouse must consume about one-fourth 
its weight in food every day. 

Shrews, rather than mice, have received the most 
publicity for their voracious appetites, and they do in- 
deed have record-breaking metabolic rates for mam- 
mals, but all small warm-blooded animals are heavy 
feeders. Their extreme characteristics in this respect 
have made them of interest to biologists and biochem- 
ists, for metabolism and body temperatures are key ex- 
pressions of body processes. Research in this field is 
continuous, and although the published papers taken 
individually may seem as irrelevant as a fragment 
from a jigsaw puzzle, they fit into a coherent, although 
intricate, picture. The pages of Science during the 
past year provide the source of information for the 
following comments. 

The minimum size for an adult mammal, says one 
worker, is 2.5 grams, or about one-tenth of an ounce. 
That figure was obtained by extending a curve of oxy- 
gen consumption per unit of body weight for various 
species of shrews. As the shrews grew smaller, their 
unit oxygen intake increased so rapidly that, it was 
concluded, a shrew weighing a tenth of an ounce 
would be unable to eat food fast enough to keep liv- 
ing. The young of many small animals weigh less than 
this minimum, but they escape the paradox of an in- 
finite appetite by keeping their body temperature and 








their biochemical processes at less than adult levels. 
The nakedness and sparse feathering of many of these 
tiny infants may be an evolutionary adaption toward 
that end. 

The bat is also a very small mammal, but has a pe- 
culiarity that prevents the scientists from putting a 
point for him down on the curve. Metabolically speak- 
ing, his is a split personality. At rest he has a relatively 
low body temperature, but when he wants to fly he 
works himself up to a temperature of 104 or 105 de- 
grees F. (the level for birds) and generates energy at 
a rate necessary for a flying animal. To maintain that 
rate while he roosts would greatly increase the bat’s 
food-gathering task, perhaps beyond his capabilities, 
and so he slips into low gear as a thrift measure. 

The bat’s behavior has a superficial parallel to that 
of the cold-blooded land animals, except that the bat 
can change his level of activity at will, while the poiki- 
lotherms, as the biochemists insist on referring to 
them, are slaves of the daily temperature variations. 
For fishes in the open sea, there is practically no tem- 
perature problem, for the thermal inertia of the tremen- 
dous mass of water in which they are immersed pro- 
tects them from sudden fluctuations. Although a great 
evolutionary step was required to enable the reptiles 
and Amphibia to endure temperatures from near 
freezing to more then 100 degrees F., an existence in- 
dependent from temperature did not follow. For ac- 
tivities that demand the rapid expenditure of energy, 
such as food gathering, active defense, or the sexual 
functions, the cold-blooded animals must wait, in ef- 
fect, for a sunny day. Nor are they freed from making 
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Photo by Henry B. Kane, ’24 


Because the ratio of skin area to weight in mice is about 17 times 
that of man, rodents, such as this white-footed mouse, must 
consume one-fourth of their weight in food each day. The 
world’s population would probably have become static long ago 
were man required to consume 40 or 50 pounds of food each 

day to maintain himself. 
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complex internal changes, for biochemical relation- 
ships in a dormant animal are far different from those 
taking place in animals whose body temperature is 
that of active mammals. 

A few years ago it was shown that the blood pres- 
sure varies with the temperature in cold-blooded ani- 
mals. More recently, the same effect has been shown 
to exist in warm-blooded animals once the mechanism 
that controls temperature is overcome. Still more sig- 
nificant is the discovery that warming or cooling of a 
tiny area in the brain, called the hypothalamus, cre- 
ates the same effects as warming or cooling the entire 
animal. The hypothalamus has already been isolated 
as the control center for a wide group of apparently 
unrelated functions, such as the metabolism of sugars 
and fats, and the regulation of the sexual cycle, appe- 
tite, and respiration. 

The suggested explanation is that “these functions 
may be considered as parts of an integrative mecha- 
nism” that adjusts the internal environment to the ex- 
isting temperature. Perhaps it was the invention of the 
hypothalamus that permitted life to walk out of the 
sea and extend its domain over the land and air. 


Putting Mother Nature to Work 


By Samuel A. Goldblith 


IX considering the utilization of natural forces for 
power we commonly think of gas, coal, oil, water, 
electricity, solar energy, and so on. There are minute 
organic compounds — enzymes — found in all living 
materials which, serving as organic catalysts, are re- 
sponsible for many chemical changes which occur in 
nature. In a sense, these enzymes might also be in- 
cluded in any list of natural sources of energy. 
Enzymes are used now in numerous industrial proc- 
esses. Their commercial use has increased rapidly 
since 1926 when James B. Sumner first successfully 
crystallized a pure enzyme, urease. Long before man 
knew of and had named enzymes, he was making use 
of them however. The conversion of cider into vinegar 
(where the enzymes of a group of bacteria, known as 
the acetobacter, convert the sugar of the cider into 
acetic acid) is a typical example of an early use of en- 
zymes which survives to the present. The production 
of alcohol, wherein the enzymes of yeast are used to 
convert molasses sugar into ethyl alcohol, is another 
use which man has made of enzymes for countless 
ages. Beer has been brewed by man long before he 
knew that this common beverage was the result of the 
fermentation of starches by the enzymes of yeasts. 
Moreover, the sprouting of barley results in malt, 
which is rich in diastatic enzymes, and these break 
down the starches to simpler sugars in order that the 
yeast enzymes may convert the sugars to alcohol. Thus 
the characteristic flavor and stimulation of beer and 
ale are end results of the action of organic catalysts. 
In 1878 Wilhelm Kiihne proposed the word “en- 
zyme” meaning “in yeast.” It was Louis Pasteur who 
showed that the fermentations which occur in natural 
materials are due to the presence of micro-organisms 
in the fermenting materials. Edward Buchner, in 1897, 
showed that it was not necessarily the yeasts which fer- 
mented materials but rather the enzymes in the yeasts. 
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To date all of the enzymes which have been crystal- 
lized have been shown to be proteins of high molecu- 
lar weight. Since Sumner’s work, some 30 enzymes 
have been crystallized and studied in minute detail. 
Although not crystallized as yet a greater number still 
have been discovered and studied in detail. As a re- 
sult of recent research, enzymes have been used com- 
mercially with much better success than previously. 
As a result the brewing industry, as well as a number 
of similar industries, has transformed the art of brew- 
ing into a science. Moreover, new improvements in 
processes result in better products produced at lower 
costs. This has been made possible as a result of re- 
search leading to a more complete knowledge of the 
chemistry and kinetics of enzymes. 

Enzymes are destroyed by heat but are not inacti- 
vated by cold; they are less active at freezing tempera- 
tures however. Thus, in preparing edibles for preser- 
vation by freezing, it is of importance to inactivate the 
enzymes by a preliminary heating, known as blanch- 
ing, in order to prevent off-flavor and deterioration of 
foods. Quantitative measurements of the rates of 
activity of enzymes at lower temperatures, by Irwin 
W. Sizer, Associate Professor of Physiology at the In- 
stitute, and Edward S. Josephson, ’40, have given us a 
better insight into the necessity of blanching and the 
methods of determining the proper times and tem- 
peratures for proper blanching. 

Enzymes are responsible for the proper digestion of 
foods in man and all animals where they function not 
only in the digestive tract, but also in the entire body. 
Man has even found a way to improve his own diges- 
tion through the production of enzymes in other ani- 
mals. Thus, for example, the cihadion of the en- 
zyme, pepsin, from hogs’ stomachs has become an im- 
portant operation in the meat-packing industry. The 
pepsin thus produced is used medicinally by persons 
whose stomachs cannot break down proteins into 
smaller compounds which may become available to 
the body as building materials. A number of vitamins 
are a part of the enzyme system of the body which are 
indispensable for respiration and transport of oxygen. 

The number of molecules of substrate which are de- 
composed per minute by one molecule of enzyme is 
called the “turnover number” and is a measure of the 
effectiveness of an enzyme. Catalase, the enzyme 
which decomposes hydrogen peroxide, has a turnover 
number of 5,000,000. Thus we see that enzymes can 
indeed be powerful catalysts, and that only a small 
amount of enzyme may be required to affect a molecu- 
lar breakdown of sizable proportions. 

The production of eine! 8 cit industrial alcohols and 
many organic compounds is due to the action of the 
enzymes of micro-organisms. Butyl, ethyl, isopropyl 
alcohols, acetone, lactic acid, glycerol, and so on are 
examples of this. The production of pickles, sauer- 
kraut, and fermented milk products is due to the en- 
zymes of the lactic acid bacteria. Cheddar cheese is 
another example of the action of an enzyme (rennet), 
obtained by extraction from the fourth stomach of the 
cow. 

Thus we may see that enzymes, the biological cata- 
lysts present in all living materials, are of utmost im- 
portance to man’s economy, and daily research on 
these is showing more uses. 














Science in Education 


Our Educational System Needs to — 


Broaden Engineers and Scientists in the Humanities, 


Provide a Better Understanding of the Real Meaning of Science 


By THOMAS K. SHERWOOD 


halfway mark in the Twentieth Century, ending 

what may prove to be quite the most remarkable 
and possibly the most significant half century in his- 
tory. For in my lifetime mankind’s accomplishments 
and general behavior have been paradoxical in the ex- 
treme —we have both reached the heights and 
plumbed the depths. Two wars have caused the death 
of nearly as many people as there are in the United 
States today; for this the Grim Reaper's total is at least 
twice as great as it was for all the war deaths during 
the preceding 1900 years of the Christian Era. Yet dur- 
ing this same half century, we, in this country, have 
enjoyed a higher standard of living than the world had 
previously known. In this same period we have ex- 
panded our educational system to the point that there 
are ten times as many students in college as in 1900, 
and four times as many students in college as in sec- 
ondary schools 50 years ago. Outside of schools, edu- 
cation in music and the arts has become common; 
good music is known and enjoyed by millions of our 
people. The advances in medicine have done more to 
relieve our suffering and promote our physical well- 
being than all that was accomplished in the field of 
medicine in the previous 20 centuries. 

That science has had something to do with the 
paradox of this half century is evident; science is re- 
sponsible for both the atom bomb and for penicillin. 
The importance of science in our daily life and its im- 
plications for our future are evidenced by the current 
interest in all things scientific or technological. There 
are more students studying engineering today than 
were enrolled in all colleges in 1900. New magazines 
of popular science are started almost every month, or 
so it seems. News weeklies describe the doings of the 
scientists along with the news from Hollywood, re- 
porting blow by blow the encounters of the research 
worker with nature’s mysteries, telling us what a new 
synchrotron or telescope will accomplish even before 
the equipment is completed. Congressional debates 
on atomic energy or the establishment of a National 
Science Foundation assume the stature of major po- 
litical issues. It is significant that such activity reflects 
much more than merely popular interest in household 
scientific gadgets — there is a widespread realization 
that science may have a great deal to do with how we 
live with each other as well as with the manner in 
which we live. The atom bomb did more than destroy 
Hiroshima and Nagasaki: It persuaded us, as nothing 
else had done, that science is of very great and of very 
real importance to everyone. 


I N a little more than a year we shall have passed the 


The remarkable developments of science and tech- 
nology have been enumerated by many writers. What 
I should like to do is to emphasize the rapidity with 
which these developments have occurred in this last 
half century. This is most evident by a survey of the 
increase in our industrial productivity since Michael 
Faraday’s experiments a hundred years ago laid the 
foundation of our great electrical industry. In 1944 the 
net output of the economy of this country was 27 
times larger than in 1850 and was turned out by a la- 
bor force only nine times larger, working 43 instead of 
70 hours each week. In terms of 1944 prices, the net 
output of all goods and services in 1944 was $161,000,- 
000,000 as against $6,000,000,000 in 1850. The increase 
raised the average income of Americans from about 
$270 in 1850 to about $1170 in 1944. Technology is 
largely responsible for these changes. 

The great developments of the automobile and air- 
craft industry are familiar to everyone. About the time 
I was born the Wright brothers made their famous 
first flight at Kitty Hawk. Four years ago the modern 
version of the Wright machine brought two great na- 
tions to their knees. A lesser example of the advance 
of technology is the improvement in the automobile 
tire. In 1907 an average workman’s wage for one hour 
was sufficient to purchase 20 miles of tire life; today 
an average hour's earnings will purchase a tire mile- 
age of 2,120. Technologically, Russia today is about 
where we were shortly after the turn of the century. A 
Russian workman must work 320 hours to purchase a 
cotton shirt; in this country the shirt can be purchased 
with the average wages for three hours’ work. The 
Russian must work 1,600 hours for a wrist watch; the 
American, 30 hours. If any Russian felt he needed one, 
he would work four hours for a toothbrush; the Ameri- 
can, 15 minutes. 

More important than the development of automo- 
biles, airplanes, and radio sets is the tremendous im- 
provement in our general health and physical well-be- 
ing. This change is evidenced by the fact that we live 
very much longer than our forefathers. From studies 
of the character of fossil remains it is estimated that 
the average life span of prehistoric man was about 18 
years. At the time of the Roman Empire the average 
lifetime had increased to 22 years, and in the Middle 
Ages it was about 32 years, which is approximately 
the figure for India today. When I was born my life 
expectancy was 49 years, on the basis of which I am 
not long for this world. Today the life expectancy at 
birth in the United States is 66 years. More years have 
been added to man’s lifetime since I was born than 
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during the preceding one thousand years. These 
changes have been the result of better living environ- 
ment, better nutrition, and of the advances resulting 
from the application of science to medicine. 

Perhaps the rapidity of the change in our environ- 
ment is best summarized by quoting from one of my 
colleagues: “In my own lifetime has occurred the de- 
velopment of every single thing which distinguishes 
a high from a low standard of living. When I was born 
the telephone had been invented but was not in use. 
Electric power, the internal combustion engine, x- 
rays, moving pictures, the airplane, radio; even cen- 
tral heating, good roads, and a continuous supply of 
fresh food have all come since I was born. The world 
into which I was born was more like that of Julius 
Caesar than like that of the present day.” The man 
who recently said that is 67 years old. 

Rapid change often produces stresses, and usually 
presents new and troublesome problems. Certainly it 
is important to know whether the change is in the 
right or wrong direction, but the perspective neces- 
sary to evaluate the trend is difficult in a period of 
rapidly changing conditions. A person’s weight may 
be expected to change gradually over a period of 
years; a gain or loss of 15 pounds in a few weeks is a 
danger signal to the physician. A train traveling at 
high speed around a curve is more difficult to keep on 
the track. Skiers on a downhill course know well that 
they must be most keenly alert on the steep pitches. 
There is little time to size up the bumps in the trail 
and the branches protruding through the snow. The 
wind causes their eyes to water, and it is difficult to 
see ahead. The steep pitches are the most dangerous 
and difficult parts of the trail, but they are also the 
most stimulating and exciting. It is for these experi- 
ences that people go skiing. We live in a high-speed 
age, but the rapidity with which our whole way of life 
is changing is more exciting and more significant than 
the rate at which our automobiles and airplanes are 
increasing our speed of locomotion. 


What Kind of Higher Education? 


The broad picture of rapid change which I have at- 
tempted to paint seems to me to have implications of 
special significance to the field of education. The 
President’s Commission on Higher Education re- 
cently suggested the need of college education for a 
much larger fraction of our young people than are 
now in colleges, and recommends a program of Fed- 
eral aid to the end that present college enrollments 
would be doubled by 1960. 

What kind of higher education should the colleges 
offer? The economic implications alone suggest the 
need for a most careful scrutiny of the job we are do- 
ing in the colleges. Has the character of college educa- 
tion kept up with the needs of this period of rapid 
change? Can we predict what kind of educational 
background the middle-aged leaders of the 1970's will 
need in order that we may make provision for it in our 
colleges today? 

A typical college course of 100 years ago contained 
approximately six years of Latin and Greek; mathe- 
matics through the calculus; surveying and naviga- 
tion; at least one year each of physics and chemistry; 
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astronomy; a year course each in rhetoric, moral phi- 
losophy, political economy, and history. This does not 
sound greatly different from the liberal arts program 
of today as elected by most of the students in colleges. 
The principal difference is that most students today 
study less science and mathematics than did the col- 
lege student of 1850. In the face of a revolutionary 
change in our whole way of living (a change due very 
largely to science and technology) liberal arts pro- 
grams today appear to provide graduates with no bet- 
ter basis for understanding science and technology 
than did the colleges in the nonscientific period of a 
century ago. It is this aspect of present-day higher 
education which concerns educators and which, un- 
doubtedly, should be corrected. 


Changing the Curriculum 


Scientists and engineers represent a very small frac- 
tion of our population, and perhaps too much has 
been assumed as to their ability to understand and be 
responsible for the implications and applications of 
what they do. The Brazilian delegate to the United 
Nations, Oswald6é Aranha, has said: “The people that 
disintegrated the atom now have the mission of inte- 
grating humanity.” But we must not assume that the 
“people” who will do this are Doctors Oppenheimer, 
Urey, Fermi, Compton, Seaborg, and the rest of the 
small group who get the credit — and the blame — for 
the atom bomb. Those who must do this are all of us, 
most of whom are graduates of liberal arts colleges. 
It seems extremely important that these people know 
more about science and technology if they are to 
shoulder their great responsibilities as citizens. 

Tinkering with the curriculum is the favorite indoor 
sport of educators, especially of college faculties and 
college administrators. In recent years the pendulum 
has been swinging back from the free elective system, 
and the tinkering has frequently resulted in the re- 
quirement of a series of subjects to be taken by all un- 
dergraduates in the college. The object is to provide a 
general education by insistence on a “common core” 
and the new curricula are not unlike those described 
as common in 1850. One of the difficulties in provid- 
ing this common core of required subjects is that the 
elementary courses in such branches of learning as 
economics, mathematics, or chemistry are designed as 
the first of a sequence of subjects for students major- 
ing in the field, and are not planned for the many stu- 
dents who want to know about the subject but who do 
not wish to specialize in it. As a basis for further work 
in chemistry, the freshman course in chemistry is usu- 
ally excellent, but is not particularly helpful to the fu- 
ture banker or farmer who should know something of 
the nature of science and of the way chemists think. 
To overcome this difficulty, Harvard, Colgate, and a 
number of other universities have instituted new sub- 
jects in general science, designed to stress the way in 
which science progresses, to show how scientists work 
and reason, and to indicate something of the possibili- 
ties and limitations of science in relation to the prob- 
lems of nonscientists. This is an excellent idea, and 
this type of subject should grow in importance in the 
educational scheme, provided the pitfalls of the 
Cook’s-Tour type of survey course can be avoided. 














Science in Our Daily Life 


Just why is it important for nonscientists and non- 
engineers to know more about science and technol- 
ogy? It is important because nontechnical persons 
have the responsibilities of citizens, and science and 
technology are important influences on their daily life. 
A few illustrations will make this point clearer. 

The whole public discussion of atomic energy has 
been distorted by the failure of our people to appreci- 
ate the technology of bombmaking. From the news- 
paper accounts one would get the idea that the secret 
of the atom bomb might be written on a piece of pa- 
per, like a chemical formula, and sold to a foreign spy. 
Those who know a little about technology will tell you 
that it would be nearer the truth to say that there is no 
secret; that Russia’s job of making an atom bomb is 
more nearly comparable to the difficulty the Chinese 
would have in setting up a plant to make 3,000 Fords a 
day. The difficulty is not so much with a few processes 
or reactions, which have been kept confidential, as it is 
with the complexity and size of the undertaking. 

There has been a great deal of talk about atomic 
power plants, and there is even some disappointment 
that they are not yet in operation. Those who have a 
general knowledge of power production will tell you 
that the cost of coal, the source of energy, is only some 
20 per cent of the price paid for electric power. It fol- 
lows that if atomic energy were free, which certainly 
will not be the case, the reduction in electric power 
bills would hardly be enough to notice. 


Economics and Atomic Power 


During World War II we constructed a half-billion 
dollars’ worth of plants for the manufacture of syn- 
thetic rubber, and did it in record time. Now that the 
war is Over, we can return to the use of natural rubber, 
which we can buy at a relatively low price, thanks to 
the low living standards of the natives of the East In- 
dies. But we are now faced with the obsolescence of 
these synthetic plants, and we may well ask, “What 
should we do?” Should the government rubber plants 
be subsidized in order that we may retain an emer- 
gency rubber-producing capacity of use in case of a 
national emergency? Can such plants be placed in a 
stand-by condition and be operable years later? Are 
the butylenes, required in the manufacture of syn- 
thetic rubber, waste by-products of the petroleum in- 
dustry, or does their use cut into our dwindling petro- 
leum reserves? Should we take advantage of the na- 
tive who will send us rubber in return for two bowls of 
rice each day? These are questions for United States 
citizens, and they are very live ones today. They are all 
practical problems stemming from our technological 
progress. 

For a number of years we have heard depressing es- 
timates of the petroleum reserves of this continent. 
Fifteen years ago it was estimated that we would be 
out of oil in 15 years, and perhaps we have heard the 
cry “wolf” too often, for few of us seem to be worry- 
ing. Mr. Krug, Secretary of the Interior, who is defi- 
nitely worrying, recommends the construction of a 
new synthetic gasoline industry which would take 


years to build, and would cost nine billion dollars. . 


Does such a proposal as this make sense? Are we really 


almost out of oil? Should we make gasoline from coal, 
or from oil shale, or from natural gas? If it is a good 
idea why aren't the oil companies doing it? Are the 
processes to be used well established in laboratory 
and pilot plant, or would the new plants become ob- 
solete soon after completion? Are the 18,000,000 tons 
of steel needed for plant construction a small or a large 
item in our economy? 

These are important matters of national concern, 
but I do not mean to imply that each of us need be 
well informed as to the technical details of such ques- 
tions, many of which must be solved by Congress or by 
other government groups. Nevertheless, individual 
citizens should have some basis for judging not only 
the proponents of plans to solve such problems, but 
the arguments on which the plans are based. They 
should, for example, read Mr. Krug’s proposal with 
some understanding, not judge it on the basis of their 
reaction to Mr. Krug’s picture in the newspaper. 


So that Rational Judgment May Be Possible 


Nor do I plead for science and technology as a part 
of a general education solely that adults may better 
understand national questions. Anyone who invests 
money or starts a business needs much more general 
knowledge of technology than was required a genera- 
tion ago. Should the young graduate go into his fa- 
ther’s wool business, or is it really true that good syn- 
thetic wool is “just around the corner,” and that its 
production will make his importing business obsolete, 
along with the continent of Australia? The other day a 
cousin wrote me about an inventor he had met in Ne- 
braska. It was reported that this man had developed a 
sort of radio set with an antenna capable of extracting 
enough electricity out of the clouds to light six 30- 
watt electric light lamps. On the basis of this commu- 
nication, should I cash my war bonds and buy stock 
in this development, or am I sound in advising my 
cousin that the inventor is doubtless misguided? Fifty 
years ago people didn’t buy toothpaste because it did 
or didn’t contain irium — in fact, they didn’t buy tooth- 
paste. But today they buy it solely on its advertising 
claims, without knowing what irium is. To be sure, the 
science course in college won't provide immediate an- 
swers to problems such as these, but it will suggest a 
general method of getting together the best available 
information, so that a rational judgment may be pos- 
sible. 

A few weeks ago several ladies representing a tem- 
perance organization visited the president of a large 
chemical company to protest the marketing of a new 
product, hydroabietyl alcohol, which the company 
manufactured. To them hydroabiety! alcohol was al- 
cohol, and alcohol was bad. Had the general educa- 
tion of these well-meaning ladies included some sci- 
ence such confusion might have been avoided and 
their visit would never have been undertaken. During 
World War II we made 500,000,000 gallons of ethy] al- 
cohol a year. This is the equivalent of two cocktails 
every day in the year for every man, woman, and chlid 
in the United States. If drinking in this country has 
reached such a point, shouldn't we all join the 
Women’s Christian Temperance Union? The difficulty 

(Continued on page 124) 
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Early Chinese Rockets 


Probably as Early as the Thirteenth Century, 


but Certainly by the Seventeenth, Chinese Ingenuity 
Had Adopted Rockets to a Variety of Special Military Uses 


By TENNEY L. DAVIS 


purposes is not known with certainty. The Kin 

Tartars, defending ".o-yang and K’ai-féng-fu 
against the Mongols in 1232, are reported to have 
used “flying fire spears” which by some have been 
taken for rockets. The Sung historians state that these 
devices “burnt forward with a sudden flame to a dis- 
tance of 10 paces and upwards, so that no one durst 
approach them.” Thus, the historical record practi- 
cally proves that the devices were not rockets at all, 
for 10 paces is an unreasonably short trajectory for a 
rocket, more like the distance through which a Roman 
candle would throw its fire. 

The Wu Pei Chih (Treatise on Military Equip- 
ment)' by Mao Yiian-i, written about 1621, contains 
much information about early Chinese military pyro- 
technics and many clear, unequivocal pictures, among 
them pictures of spears equipped with tubes for 


Te date of the first use of rockets for military 


1A considerable amount of material trom it has been trans- 
lated into English by James R. Ware, published with reproduc- 
tions of 44 of the original pictures, and discussed by Tenney 
L. Davis and James R. Ware in a paper on “Early Chinese Mili- 
tary Pyrotechnics,” Journal of Chemical Education, 24:522- 
87 (1947). 


spouting fire forward in the direction of the spear 
point, and rocket-propelled arrows capable of flying 
for 300 or 400 paces. We conclude that the use of 
rockets at Lo-yang and K’ai-féng-fu is not proved by 
the texts which make reference to “flying fire spears.” 

There are, however, certain evidences which indi- 
cate that rockets were probably already known by the 
middle of the Thirteenth Century. Roger Bacon and 
Marcus Graecus, both of whom were writing at about 
this time, describe what appear to be firecrackers and 
toy rockets, and the title of the latter’s Liber Ignium 
ad comburendos hostes (Book of Fires for Burning the 
Enemy) suggests that he considered his contrivances 
to be adaptable to warlike uses. 

In any case, at the time when the Wu Pei Chih was 
printed, the Chinese had already developed great 
skill in the tactical use of rockets and were far ahead 
of the Europeans in their military application. Rocket- 
propelled arrows (Fig. 1) with razor-sharp heads, 
sometimes poisoned, sometimes carrying incendiary 
charges, were uniquely qualified for special jobs of 
offense and defense, for setting fire to enemy instal- 
lations, for attacks from ambush, for the defense of 
defiles and gateways. 
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Fig. 1. Rocket driver tube, shown singly 

with its central cavity, and shown at- 

tached to arrow with the fuse running 
throughout its length. 


in the rocket’s pro 
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Fig. 2. Tool for —— the central cavity 
elling charge “does 
a better job than the drill preferred by 


the artisans. If the rocket-arrow is to fly 


straight, the hole must be straight, 

otherwise it will go off at a tangent.” 

Fig. 3. (Above) Quiver for carrying sev- 
eral rocket-arrows. 
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Fig. 4. Devices for launching single 

rocket-arrows. In one instance the bo 

is launched from a tube; in the other, it 

is fired in the open while the stick is 

held in position by a loop or ring passed 
around it. 


Fig. 5. Rocket-arrows in tubes, each con- 

nected by a fuse (match) to a single 

master match by which they. may be 

fired simultaneously. The tubes are 

gathered together into a bundle for 
firing the cluster. 


Fig. 6. Clusters of rocket-arrows which 

are fused for ripple or successive firing. 

When the master fuse or match is 

lighted, the arrows in each of the indi- 

vidual clusters fire one another in a suc- 
cessive array. 





The Wu Pei Chih contains many pictures? of rock- 
ets for various military purposes, of devices for mak- 
ing them (Fig. 2), carrying them (Fig. 3), and for 
launching them singly (Fig. 4) and in clusters. Clus- 
ters were made up of bundles of tubes, each tube 
serving to launch one rocket (Fig. 5), or they were 
made by enclosing many rockets in a single container 
(Fig. 6) where the sticks were held in position and 


2Reproductions by permission of the Library of Congress. 


separated from one another by splints or by passing 
them through holes in the frames. The driver tubes in 
back of the heads were counterbalanced by iron 
weights behind the feathers of the tails. 

Incendiary rocket-arrows were fired from baskets 
made from split bamboo, four feet long, and wider at 
the open end than at the bottom. The baskets were 
covered with paper brushed with oil for protection 


(Continued on page 120) 
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Fig. 7. Portable box of wood or leather 
containing two sets of 25 rocket-arrows. 
The sets are arranged to be fired sepa- 
rately, enabling a soldier to meet two 
emergencies for close fighting. 


Fig. 8. Portable launcher for firing 

rocket-arrows against an enemy at 200 

paces. Total weight, five or six pounds. 

The arrows are of bamboo, po) points 
are smeared with poison. 
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Fig. 9. Launcher for shooting a shower 

of rocket-arrows to a distance of 400 

paces or more. The open end is enlarged 

so the rocket-arrows will spread out in 
flight to cover a large area. 
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André-Marie Ampere— 
IMMORTALIZED BY A GERMAN 


In Proposing a Name for the Unit of Electric Current 


Helmholtz Per petuated the Name of the French 


Founder of the Science of Electrodynamics 


By DAVID and CHARLOTTE B. LANDAU 


N the ancient city of Lyons which, at the time of 
the Romans was the capital of Gaul, André-Marie 
Ampére was born 173 years ago. At the time great 
minds flourished in all domains of learning, but espe- 
cially in the early development of modern science. On 
the Continent, and particularly in France, Cauchy, 
Lagrange, Laplace, Legendre, and Poisson were fore- 
most in the brilliant array of stars in the mathematical 
firmament. In the physical sciences, Fourier and Car- 
not in France were laying the foundations for thermo- 
dynamics, and Watt in England and Count Rumford 
in America were making practical applications of new 
theories of heat. In chemistry, Lavoisier in France dis- 
covered a gas, to which he gave the name, oxygen, 
during his studies of the atmosphere, and Davy in 
England determined the composition of water by elec- 
trolysis. Dalton in England made the first contribu- 
tion to experimental evidence in support of the atomic 
theory of the structure of matter, and, in Italy, the 
laws of gases were being enunciated by Avogadro. In 
the intriguing and burgeoning science of electricity, 
Arago, Biot, Coulomb, and Du Fay in France, Priestley 
and Cavendish in England, and Franklin, in the 
American colonies, were among the foremost experi- 
mental workers of the period. 

Paradoxically, the intellectual stimulation of the last 
half of the Eighteenth Century was also an epoch of 
political turmoil and national revolutions. In 1775 the 
American colonists declared their independence of 
England and gradually became welded into the 
United States of America. Taking their example from 
the American colonists whom they had aided in their 
struggle for freedom, the French commenced to liber- 
ate themselves from tyrannical oppression. The strug- 
gle for individual freedom was common in both cases; 
yet it frequently happened, as Lavoisier found out, 
that the political events of the time played havoc with 
intellectual advancement. In a less drastic measure, 
the life and work of Ampére likewise was —— by 
events of the era in which he lived. The hardships of 
his life and the significance of his work can be better 
understood when presented against a background of 
conditions and events in France during the last quar- 
ter of the Eighteenth Century when Ampére was in 
the formative years of youth and early manhood. 

In France the intellectual elite of the Eighteenth 
Century, like the public, had become disgusted by the 
corruption of the Court of King Louis XV, and its aco- 
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lytes. Men of the pen began to knead the public’s 
mind by writing against the abuses and authoritarian 
principles which their rulers forced on them. Voltaire, 
Montesquieu, Rousseau, the Encyclopedists and the 
physiocrats, disciples of Quesnay, all worked to create 
a public opinion demanding political and economic 
liberties. Thus, when King Louis XV died in 1774 and 
a change in rulers was imminent, the joy of the popu- 
lace was overwhelming. 

Louis XVI, a fine hearted, fine minded youth of 20 
(who, unfortunately, lacked energy) came to the 
throne a year before Ampére was born. It was during 
this King’s reign that the Treaty of Versailles was 
signed in the King’s Palace — the Palace of Versailles 
— in 1783. Benjamin Franklin was one of the negotia- 
tors of the Treaty of Versailles, known to Americans 


as the Treaty of Paris, in which the English Cabinet 


recognized the sovereignty of the United States, thus 
ending the American Revolutionary War. The signing 
of such an important document added luster to the re- 
gime of Louis XVI, but, in spite of all, things did not 
go as desired and disorder became rampant. 

In 1790, uprisings took place in Lyons, birthplace 
of Ampére, but were soon repressed. Lyons was a 
Royalist center and its inhabitants were opposed to 
the Revolution. Its great silk mills (with some 30,000 
workers) and other rich industries supplied their prod- 
ucts to the Court and the nobility. Those who were in 
sympathy with the Revolution were treated as ene- 
mies and handled as such. As they often do in such 
cases, matters went from bad to worse, and foreign 
soldiers had to be called in to protect His Majesty. 
This move hastened his downfall, and soon came the 
gruesome end: Louis XVI was beheaded on January 
21, 1793. 

When the Revolution spread from Paris to other 
large cities in 1793, the inhabitants of Lyons became 
more daring, and fearing no more the result of their 
Royalist acts, raised the white flag of revolt on the hill- 
top of Fourviére. They erected fortifications, formed 
an army at whose head they placed the émigrés, and 
decided to fight against the Revolution to a finish. And 
what a terrain they had for a battle! Let us take a 
glance at the emplacement. 

At the time of the Revolution, an old sanctuary 
stood high above the Saéne River. It is now sup- 
planted by the basilica of Notre Dame de Fourviére, 
whose interior is bedecked with mosaics, oil paintings, 
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and gold. The view from one of its towers offers a vast 
and limitless panorama, in the center of which lies the 
‘ city of many bridges, Lyons. From the bottom of the 
giant bowl, rise the snowcapped heavenly Alps, while 
just 100 miles beyond rises the highest mountain of 
Europe, majestic Mt. Blanc. To the right, more moun- 
tains are draped in colors defying description, and to 
the left may be seen the valleys of the Rhéne and Sa- 
éne, their rivers flowing like a stream of quicksilver in 
the warm sunlight. 

It was in Lyons that Barrére fought the Royalists 
and said: “The name of Lyons must exist no more. You 
will call it the Liberated Town, and on the ruins of 
this infamous city there will be erected a monument 
which will attest to its crimes and punishments com- 
mitted against the friends of Liberty. These few words 
will tell it all; — Lyons warred against Liberty, Lyons 
is nO more. 

To realize the above wish, the Committee of Pub- 
lic Safety sent into the unfortunate town three of its 
representatives who shot or guillotined its inhabitants 
and destroyed their homes. As is the way of all revolu- 
tions, Lyons was turned into a town of horror. Such 
was the atmosphere in which Ampére spent his youth 
and early manhood. 


Early Life of Ampére 


On January 20, 1775, a boy was born in the city of 
Lyons, France, and two days thereafter was baptized 
André-Marie Ampére. Until he reached the age of 
seven, his parent lived in Lyons most of the year, pass- 
ing the summer months at Poleymieux, a village situ- 
ated about nine miles north of Lyons, via Saint Didier 
where his father had a small estate. 

Poleymieux, located on the northern flank of the 
Mont d’Or is surrounded by and blended into a pleas- 
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The home of André-Marie Ampére at Poleymieux a few miles from Lyons, where Ampére spent much of his boyhood, has been 
reconstructed and made into a museum. 


ant and colorful country bedecked with numerous 
white villas. From its heights one can see the graceful 
Saéne River winding in and out as it courses along the 
valley below. The Ampére house still stands; its ter- 
race planted with the very same linden trees under 
which Ampére often sat. The view, looking toward the 
church, is magnificent. It was here, in Poleymieux 
where André Ampére passed most of his youth. 

Ampére’s father Jean-Jacques Ampére, was a mer- 
chant, a gentleman, a scholar, and a justice of the 
peace. Upon reaching his 49th year, in 1782, he retired 
to his estate in Poleymieux. There were no schools in 
that village so, taking the boy in hand, the father 
taught him reading and writing in his own language, 
which he supplemented later by lessons in Latina. In 
addition to these lessons, André read and even mem- 
orized several parts of the Encyclopedia, as well as 
Thomas’ Elogé de Descartes. 

Up to the age of 13, his education was mostly liter- 
ary to which his father added a variety of other les- 
sons “on many things” during their long walks in the 
country. In this manner, the diversified knowledge of 
the young man grew. Ampére tells us that in 1788, the 
Elements of Mathematics of Rivard and Mazéare fell 
into his hands and all other subjects were forgotten. 
These works were soon followed by studies of Clai- 
raut’s algebra and the treatises on conic sections by La 
Chapelle and the Marquis de L’Hépital. André at- 
tempted to write a treatise on conic sections for which 
he believed he had new and original ideas. However, 
when he tried to read the articles on mathematics in 
the Encyclopedia, he soon discovered that his mathe- 
matical knowledge was not sufficiently advanced; he 
did not know the calculus. 

While on a sojourn with his father in Lyons, André 
made the acquaintance of Abbé Daburon, Professor of 
Theology at Trinity College of Lyons, who was also 


THE TECHNOLOGY REVIEW 





Ke we ee A Fm A 





— ee ee ee ee 


=>] OD -biest - et oo 


ad 


= ort 2 


us 


Ful 


r- 


1e 
of 
e 


ll 


noe ae) 


= 


Dv 


wee Vow 











an able mathematician. He told Professor Daburon 

that he could not make headway in mathematics since 

he was at a loss to unravel the full meaning of the d's 

in the articles he was reading. This amiable teacher 
helped him out by giving him lessons in the calculus, 
thus smoothing the way for further studies. In addi- 
tion to the work in mathematics, which he carried on 
under the guidance of Abbé Daburon, Ampére also 
followed a course in physics by Professor Mollet dur- 
ing the two months that he stayed in Lyons with his 
father. By the time Ampére reached the age of 18, and 
without ever having gone to school, he had mastered 
mathematics and worked through those two monu- 
mental pearls — Laplace’s Traité de Mécanique Cé- 
leste and Lagrange’s Mécanique Analytique. He did 
not limit himself to mathematics alone. He read every- 
thing which came in his hands that instructed the 
mind. He was a versatile student in Latin which he 
detested at first; but in due course, it became a part of 
him and he even composed in it. Horace made a 
strong appeal to him. To the story of his own love he 
gave the Latin name of Amorum. 

The French Revolution was to have a profound in- 
fluence on the Ampére family. After it had calmed 
down in Paris, the Revolution spread to the provinces, 
soon reaching the town of Lyons. In his position as 
judge, Ampére’s father took measures of precaution 
against the revolutionists and ordered the arrest of 
their leader, Chalier. This act was to be the cause of 
his own downfall when the revolutionists became 
masters of the town. The act of his condemnation, 
which sent him to the scaffold, read: “Justice of the 
Peace who issued the warrant for the arrest of Cha- 
lier.” He was guillotined on November 23, 1793. 
The news, transmitted shortly after to his son, struck 
this boy of 18 like a bolt of lightning, incapacitating 
him for over a year. How much the father thought of 
the son may be judged from a letter he addressed, in 
perfect serenity, to his wife the day before the execu- 
tion; in it we read these prophetic words: “As to my 
son, I expect everything from him . . .” How right his 
father was! 

A book by Jean Jacques Rousseau, said to have been 
on botany, but which we believe may have been his 
Emilé fell into Ampére’s hands. Its style, charm, and 
even the theme seemed appropriate for his melan- 
choly needs at this period. This book was perfectly 
tuned to the surroundings of Poleymieux and with the 
‘two elixirs of life — youth and hope — helped to re- 
store André’s health. Ampére became fond of botany, 
and who would not after reading Emilé? He devoted 
himself to outdoor studies and exercises and made 
long trips to collect specimens for his herbarium. 

In September, 1795, at the age of 20, André was 
working on a universal language. In October he was 
experimenting with a multiplatform kite on which he 
intended to place instruments to study atmospheric 
electricity, air temperatures at high altitudes, and so 
on. In December he designed an instrument intended 
to make astronomical observations without having to 
correct errors due to refraction, and without the use of 
a clock. Pupil of the school of poverty, he had will 
power, and by ceaseless effort showed what could be 
accomplished by willing human hands. He made 
much of the apparatus needed for his studies. Many 
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Blanc et DeMilly 


In the quiet serenity of this garden in Poleymieux, Ampére 

pursued his early studies in mathematics and science, thereby 

laying the aamdlidin for his monumental work in the field of 
electrodynamics. 


pioneers in French science carried on research with- 
out endowed laboratories and sometimes even with- 
out special tools or instruments except those of their 
own making. Ampére was one of these versatile pio- 
neers of the Nineteenth Century. 


Romantic Years 


It was during one of his botanical excursions, on 
April 10, 1796, that he met Julie Carron, who, on Au- 
gust 6, 1799, three years later, became his wife. 

For Ampére it was a case of love at first sight. On 
August 6, the religious ceremony took place, and on 
August 7, 1799, “the President of Municipal Adminis- 
tration of Nord, Canton of Lyon, certified having seen 
appear before him, at the place where the Citizens’ 
Meeting was held, André-Marie Ampére, ‘mathemati- 
cian, and Catherine Antoinette Carron, who stated to 
him in firm and intelligible voices that they were 
freely and voluntarily taking one another in mar- 
riage.”’ Ampére was 24 and Julie almost 26. 

After their marriage, as well as before, Ampére gave 
private lessons. So modest was their combined income 
and trying were their struggles to make ends meet 
that Julie wrote her mother in her very first letter: 
“The more I know him, the more do I find him kind 
and sensible. With a little fortune, everything would 
go well.” 

A year after their marriage, on August 12, 1800, a 
son was born. This blessing threw an extra burden on 
Ampére’s pecuniary needs and forced him to seek a 

1 “le président de l Administration municipale du Nord, can- 
ton de Lyon, certifiait avoir vu comparaitre devant lui, au lieu 
de la réunion des citoyens, André-Marie Ampére, ‘mathéma- 
ticien,’ et Catherine Antoinette Carron (this was her real and 


official name), lesquels lui ont déclaré a haute et intelligitle 
voix se prendre librement et volontairement pour époux.” 
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more lucrative source of income. Prior to his marriage, 
Julie’s relatives had suggested that André become a 
business man, but this was far from Ampére’s desire 
to become a teacher. Teaching was in the blood. Now 
came the ill health of his wife, and that obliged him to 
carry on still more work. 

On February 19, 1802, he obtained a chair of phys- 
ics and chemistry at the Ecole Centrale of Bourg-en- 
Bresse, in the department of Ain. This school, at Bourg- 
en-Bresse, had a long and famous history dating back 
to 1391! It went through many changes and enlarge- 
ments. In 1661, a chair of philosophy was founded 
there, and in 1744 it became the center of intellectual 
life inspired by the famous astronomer, Joseph Jéréme 
Lalande, who was born in Bourg. In 1793 the college 
was closed, but later it was reopened under the name 
of Ecole Centrale, which was again changed, in 1805, 
when the school became the Lycée Lalande. Ampére 
was a professor at the Ecole Centrale from April, 1802, 
to 1803. He was forced to live in Bourg which was but 
60 kilometers from Lyons. In Ampére’s day, it re- 
quired one and a half days to make the trip; today it 
takes about one and a half hours. Here, in his own 
words, he tells us by a letter which he sent his wife, 
how he lived in Bourg: 


I am boarding for 40 francs per month at Beauregard’s. 
They charged me 60 francs at the inn, where I had to dine 
in the company of the biggest fools I have seen in my life. 
That surpasses all possible description . . I saw the 
physics room, the chemistry laboratory and the single small 
room with an alcove, catch-all serving as a small wood- 
shed. I was very pleased with the machinery; the labora- 
tory is equipped with a large exhaust-hood, vented into the 
fireplace, designed to vent off noxious gases; there are 
plenty of facilities for various experiments . . . address 
your letters to Citizen Beauregard . . .? 


2 “Je suis en pension a 40 francs par mois chez Beauregard. 
On me demandait 60 francs a Vauberge, ot il fallait manger 
avec les plus sottisiers que j'aie vus de ma vie. Cela passait 
toute expression. . . . Jai vu le cabinet de physique, le labora- 
toire de chimie et Tunique petite chambre avec alcove, petit 
débarras a mettre le bois. J'ai été fort content des machines; le 


The Ampére home has 
now become a museum 
where visitors may see 
the personal aa sci- 
entific effects of André- 
Marie Ampere, his fa- 
ther, and his son. 


Soctété des Amis d’André-Marie Ampére 


And Julie addressed letters to him in the following 
manner: 

From Madame Julie Ampére to Citizen Ampére, lodged 
at Citizen Beauregard’s, Professor of History at the Ecole 
Centrale du departement de l’Ain at Bourg, near the Notre 
Dame church.* 

What a document on an envelope! Ampére sent 
practically all his earnings to his wife; such was the 
soul of the great man who was as poor as the prover- 
bial church mouse. He wrote her of his daily tasks 
which lasted from 12 to 13 hours in the school! Julie, 
in turn, consoled him with her little words of kindness. 
Here is one of them: “. . . let us be patient and let us 
rejoice that we will be able to speak at Easter about 
everything we have in our souls . . . My poor Ampére 
you are just far too pleased to send me everything you 
earn . . .”* In another one of her letters she wrote: 
“Look out for your chemistry. Your blue stockings are 
destroyed with that frightful acid which burns every- 
thing.” Poor Julie! Like other daughters of France, 
with limited income, in ill health, and with a small 
child to care for, she probably darned many a blue 
stocking. 

Ampére wanted to be near his family and decided 
to become a professor in his own town of Lyons. How 
could he make this want known to the authorities? 
With a professorship as a goal he decided to write a 
treatise of some kind that would attract attention of 
the academic public. For some time Ampére had 
drawn the attention of the scientific world by his 
purely mathematical work and so deep was he in- 
trenched in that science that, even his wooing was, at 


laboratoire a un grand manteau de cheminée par ot doivent 
sexhaler les vapeurs nuisibles; il y a assez de ressources pour 
les differentes expériences . . . adresse tes lettres au citoyen 
Beauregard. .. .” 

3“De Mme. Julie Ampére au Citoyen vo as chez le Ci- 
toyen Beauregard, professeur d'Histoire a TEcole Centrale du 
départment de l’'Ain, a Bourg, pres de Eglise Notre Dame.” 

4“. . . prenons patience et réjouissons nous de pouvoir par- 
ler 4 Paques de tout ce que nous avons dans léme . . . mon 
pauvre Ampére, tu es trop content de m’envoyer tout ce que tu 
gagnes... .” 
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Ampére’s library is 
kept much as it was 
more than a century 
ago when he was pro- 
fessor of physics at 
L’Ecole Centrale in 
Bourg-en-Bresse. 


Société des Amis d’ André-Marie Ampére 


times, a little mathematical. He tried to teach Julie 
Carron how to calculate the height of a village steeple, 
and history tells us he met with success! 

In 1802, he wrote a memoir which he called Con- 
sidérations sur la théorie mathématique du jeu. Fol- 
lowing in the steps of Pascal and Fermat, this paper 
dealt with the mathematical theory of gambling and 
was presented to the Institut by Delambre on January 
12, 1803. “The players,” said Ampére, “see only the ef- 
fects of chance in these events which are most apt to 
teach them the extent of the dangers into which they 
throw themselves. These events might make a deeper 
impression on their minds if one could demonstrate 
that they are facing a combination of good and bad 
chances, and the only way to escape the misfortune is 
to cease exposing themselves to it.” He gave such a 
learned proof of his theoretical reasoning that it could 
be understood only by an able mathematician. His 
memoir which should have been finished in “a day or 
two” took 10 months to be completed! It was exam- 
ined by several persons, including Lalande, but none 
could understand it. Lalande was already too old and 
lost his ideas of analytics and its application to prob- 
abilities. But he said in a short report: “Citizen Am- 
pére possesses rare knowledge and marked talent.” 
Finally, Laplace examined it at the request of the In- 
stitut. He found an error which Ampere corrected. 
Ampere then submitted it to the one man who could 
understand it — Delambre — who had been one time 
a pupil of Lalande. 

Delambre was so impressed by Ampére’s work that 
he persuaded Bonaparte, who was then first consul, to 
name Ampere professor of mathematics at the Lycée 
of Lyons in 1803. He was appointed to the post ‘and 
taught for a short time in that gruesome cloister which 
was to bear his name later. Thanks to this appoint- 
ment, he was now able to join his family, although his 
happiness was short-lived. Julie, who had been ailing 
for some time, now grew worse, and died on July 13, 
1803, The shock of her death overwhelmed Ampére 
and life became dismal without his companion. Am- 
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pére became a broken man and decided to leave his 
beloved Lyons. 

In October, 1804, at the age of 30, he was appointed 
to the newly established Ecole Polytechnique in Paris 
as répétiteur danalyse or assistant in calculus. In 
March, 1806, he was named member of the Bureau 
Consultatif des Arts et Métiers, and in 1807, became 
professeur suppléant danalyse or substitute professor 
of calculus. In 1808, he was named entrance examiner 
and inspecteur général de (Université, and in 1814 he 
was elected a membre de l'Institut. Membership in 
the French Academy, which is a part of the Institut 
and which Henry Crew’ describes as “a coterie of pro- 
ductive scholars perhaps never surpassed either be- 
fore or after,” was a coveted honor which Ampére well 
deserved. In the same year he was also made a Cheva- 
lier de la Légion d’ Honneur, while 1816 brought him 
the full title of professor of calculus and mechanics at 
the Ecole Polytechnique. It was in this school that 
Ampére performed his famous experiments in electro- 
dynamics. Finally, in 1824, he was elected to the chair 
of physics at the Collége de France, which high post 
he held to the end of life. 

Ampére was a man of science but he was also in- 
termittently at least, a man of religious faith. “Doubt,” 
he once said, “ ‘is the g greatest torture Man can endure 
on Earth.”¢ 

He had been a sufferer of rheumatism for many 
years, and at 50 he developed a chronic affection of 
the chest, but frequent visits which he made to the 
Mediterranean usually helped to restore his health. In 
1829 he began to ail seriously and was replaced in his 
teaching at the Collége de France by Savart for one 
year. He returned but had to give up again and was 
replaced by Savart and Becquerel in 1832-1833. In 


“Portraits of Famous Physicists with Biographical Ac- 
counts,” Scripta Mathematica (New York: Yeshiva College, 
1942). 
6 When he was at Bourg he asked his wife to send him cer- 
tain religious books and he went to church often. His mother 
was very pious. 





It is, perhaps, difficult to evaluate the life of such an 
outstanding intellect as Ampére in the light of our 
present, and detached, point of view. And yet how lit- 
tle difference two centuries make in human nature! 

In the words of Rollo Appleyard, Ampére may be 
quite properly described as one given to “plain living 
and high thinking.” Ampére was financially a poor 
man, yet he bore honors and titles bestowed only up- 
on the highest of intellectuals of France. And what a 
galaxy of titles Ampére had earned: Membre de ['In- 
stitut, Professeur de [Ecole Polytechnique, and In- 
specteur Général de [Université among them. But for 
all his intellectual attainments and honors, Ampére 
was hampered in his research — as indeed also in his 
private life — by the small income which he received. 
With all his titles, Ampére was so reduced in his fi- 
nances that he had to supplement his income by pri- 
vate teaching. Even such additional effort was not 
sufficient to fulfill the needs of Ampére who lived 
simply all his life and kept expenses to a minimum. It 
is recorded, for example, that Ampére once borrowed 
50 francs from Fresnel to pay part of his household ex- 
penses. In 1824, his sister Josephine (who kept watch 
of his budget to free Ampére from household worries) 
admitted a debt of 11,000 francs which she had con- 
tracted during the previous five years. Most of this 
amount had been spent for instruments needed in sci- 
entific experiments, but the indebtedness had been 
kept from Ampére. 

In personal demeanor, the modest Ampére was in- 
different to fame. This is shown by the fact that he 
wrote and published a work on the differential and 
integral calculus to which he did not even attach his 
name. May we not be justified in believing that per- 
haps Ampére wished to make available to others the 
knowledge of calculus which he, in turn, had received 
through the kindness of Abbé Daburon? 

As for his scientific work, Ampére was so advanced 
that contemporary French physicists were prone to 
criticize him, even suggesting that his theories were 
not in accord with Newton’s laws. Of the elite mem- 
bers of the French Academy, Fourier alone received 
Ampére’s theories favorably. In England few men un- 
">= derstood his theories and still fewer his analytical 
- =). work. Yet, a quarter century after Ampére had so bril- 
aie ' liantly established the field of electrodynamics, Max- 
well, in England, summarized the work of Ampére 
into the circuital law of Ampére — one of the four 
foundations of modern electromagnetic theory. 

Ampére’s mind seemed to know no bounds, and, as 
might be expected, he made contributions to many 
sciences. He contributed to the initial idea of the elec- 
n “==-4 «tric telegraph by directing attention to an idea sug- 

J. Linton Houser gested by Laplace that it might be possible to cause a 
magnetic needle to deflect at great distances by means 
pons Caen 7 freee above, in = weet mation Me of an electric current. He also came near to being the 

» Sm merican commuter. . gag : : ‘ 

brilliant intellect whose inuline on psa Smad a ae. discoverer of iodine. His memoirs show his work _ 
sented before the French Academy, was developed in the re- ered such subjects as transcendental mathematics, 

markably short period of about two months. Mariotte’s law, electricity, magnetism, optics, molecu- 

: ; lar physics, animal physiology, psychology, theory 

May, 1836, during a journey of inspection to Mar- of gases,’ mechanics, theory of terrestrial magnetism, 
seilles he was seized with illness and died there on iiaiail 2 
June 11, 1836. He was in his sixty-second year. His re- (Continwen om page 128) 
mains were transferred to the cemetery of Montmar- _—__,; Ampére’s law was formulated independently in 1814, al- 
tre in the city of Paris in 1869. though Avogadro’s law had been announced in 1811. 
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For the Record 


USINESS was the order of the day at the 264th 
B meeting of the Alumni Council held at the Cam- 

pus Room of the Graduate House on October 
25, with C. George Dandrow, ’22, President of the 
M.LT. Alumni Association, presiding. At this meet- 
ing, which opened the season's activities, 129 members 
and guests were present. 

Reports by committees on resolutions for the late 
Professors C. Frank Allen, "72, Class Representative 
on the Council, and Charles E. Locke, 96, Secretary 
of the Alumni Association, were presented by Profes- 
sor Erwin H. Schell, °12, and Dr. John A. Rockwell, 
96, respectively. The resolutions were adopted by a 
standing vote in tribute to these two outstanding 
Technology Alumni. 

The resolution on Professor Locke, prepared by the 
committee under the chairmanship of Dr. Rockwell, 
read, in part: “As a teacher and member of the Insti- 
tute’s staff for forty years, he will long be remembered 
by associates and students alike for his thoroughness 
and sense of responsibility in the handling of all tasks. 
As a mining engineer and author, he was well known 
and highly regarded for his many contributions in 
methods of processing ores. As Secretary of the Alumni 
Association from 1930 to 1948, and particularly as 
Secretary of the Council, he has earned the gratitude 
and appreciation of each and every member’ by con- 
ducting his work faithfully, efficiently and pleasantly. 
As Secretary of the Class of 1896 from 1908 to 1948, he 
was known and loved by all.” 

H. E. Lobdell, ’17, reporting for the Executive Com- 
mittee, announced that Donald P. Severance, ’38, as- 
sociated with the Office of the Registrar since his 
graduation from M.I.T., and Assistant Registrar since 
1941, had been elected secretary of the Alumni Asso- 
ciation to fill the unexpired term of the late Professor 
Locke. Mr. Severance was simultaneously elected 
treasurer of the Association to succeed Ralph T. Jope, 
28, who had resigned to accept the assignment of 
assistant executive director of the Corporation Com- 
mittee on Financing Development, as recorded in 
greater detail on page 110 of this issue. 

Edmund B. Fritz, 32, was reported to have been 
appointed chairman of Alumni Day, to be held on 
June 11, 1949. It was also reported by Mr. Lobdell that 
the Midwinter Meeting of the Alumni Association 
would be held at Walker Memorial on February 5, 
1949. The chairman for this meeting will be George 
E. Shrigley, 30. Also reported were visits by 21 Fac- 
ulty members and alumni members to 14 M.LT. clubs 
between the dates of June 1 and October 25. Henry B. 
Kane, ’24, Director of the Alumni Fund, reported that 
8,000 Alumni had contributed $117,000 to the Fund as 
of October 25. 

Dr. Compton addressed the Council in his new role 
as chairman of the Corporation, dealing with those 
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events which led to the establishment of the Institute, 
the recent appointment of himself as chairman of the 
Corporation and James R. Killian, Jr., ’26, as his suc- 
cessor to the presidency of M.I.T., and speaking 
briefly on the Institute’s Financing Development Pro- 
gram now getting under way. 

Professor William L. Campbell, ’15, who has taken 
on additional duties as executive director of the Cor- 
poration Committee on Financing Development, pre- 
sented a résumé of the committee's program and goal, 
a brief outline of the various subcommittees already 
at work, and an indication of the activity already un- 
der way in this far-reaching program. 





M.I.T. Photo 


DONALD P. SEVERANCE, °38 
Secretary-Treasurer of the Alumni Association 


In his recent election as secretary-treasurer of the M.1.T. Alumni 
Association, Mr. Severance succeeds the late Charles E. Locke, 
‘96, who served as secretary from 1930 until his death last 
September; he also succeeds Ralph T. Jope, ’28, who has been 
treasurer of the Alumni Association from 1939 until his resigna- 
tion from this position last month to devote a major portion of 
his time to the Financing Development Program as its assistant 
executive director. 

Mr. Severance is a graduate of the Course in Electrical Engi- 
neering, having received his bachelor’s degree in 1938 and 
master's degree in 1941. He has taught courses in Electrical 
Engineering, and since his graduation a decade ago Mr. Sever- 
ance has been associated with the Registrar's Office. He leaves 
his position as assistant registrar to devote full time to the 
rapidly expanding activities of M.1.T. clubs, now numbering 

85, and to the Institute’s alumni body. 




















M.1.T. Photo 
RALPH T. JOPE, °28 


Assistant Executive Director 


M.L.T. Photo 
WILLIAM L. CAMPBELL, °15 


Executive Director 


Actively participating in the administration of the Institute’s Financing Development Program, which was officially launched 

at a meeting at Technology on November 19-20, are the two M.L.T. Alumni shown above. In addition to his duties as head 

of the Department of Food Technology, Professor Campbell has been appointed executive director for the Program whose 

objective is to raise $20,000,000 for new construction, additional endowment, and unrestricted funds for the Institute. 
Mr. Jope’s new position as assistant executive director for the Financial Development Program has made it necessary for 

him to relinquish his position as treasurer of the M.I.T. Alumni Association, a post which he has filled with distinction since 

1939. This advancement will result in no changes in the personnel of this periodical, for Mr. Jope continues to serve The 

Review as its business manager, as he has done for the past two decades. 


As chairman of the Committee on Alumni Partici- 
pation in the Financing Development Program, H. B. 
Richmond, °14, explained the relationship of the 
Alumni Fund to the new Financing Development Pro- 
gram. It was pointed out that the $500,000 contribu- 
tion of Alumni for the completion of the new Senior 
House was already one way in which the Fund had 
aided the Financing Development Program, and that 
the Alumni Fund would be exceedingly helpful in 
achieving the objectives of the Program. 

Mr. Dandrow then introduced Dr. Killian for his 
first appearance before the Council in his new role as 
president of M.I.T. Dr. Killian paid tribute to his 
predecessor and commented on his rise from student 
editor to his present post. He recounted some recent 
developments of the Institute by enumerating the 
activities and problems of four offices of administra- 
tion: Admissions, Registrar's, Treasurer's, and Dean 
of Students. 


Financing the Development Program 


EARLY 200 Alumni and friends of the Institute 
N gathered in Cambridge on November 19 and 20 
for a two-day conference to study the Institute’s post- 
war problems and to lay plans for the formation of an 
organization to secure for M.L.T. its high priority post- 
war needs in buildings and endowment. - 


For more than a year the Institute’s increasingly 
difficult postwar task of carrying a major responsibility 
for training many of the nation’s scientists and engi- 
neers, and conducting numerous significant research 
programs, had been under study by the Corporation’s 
Survey Committee, headed by John R. Macomber, 
97. This committee concluded that, to maintain its 
foremost position among the privately endowed in- 
stitutions of higher learning, the Institute would re- 
quire considerable expansion of its facilities and en- 
dowment; it also recommended that a Committee on 
Financing Development be established to secure the 
funds required for underwriting the Institute’s future 
needs. The meeting held in Cambridge was the first 
step in carrying out the recommendations of the Sur- 
vey Committee. 

The conference was officially opened by Marshall 
B. Dalton, ’15, general chairman of the Committee on 
Financing Development, at a luncheon in the Campus 
Room of the Graduate House on November 19. He 
outlined the purpose and program of the conference 
and introduced the Institute’s new President, James 
R. Killian, Jr., ’26, who discussed the nation’s need for 
maintaining the independence and integrity of insti- 
tutions of learning. 

In summarizing the reasons why the Institute needs 
large capital funds, President Killian pointed out that, 
fundamentally, the Institute’s problem is to fund its 


THE TECHNOLOGY REVIEW 








independence. It is especially important to make sure 
that the Institute has sufficient resources so that it is 
not required to look to government subsidy for con- 
duct of its outstanding services. In outlining the basic 
needs of the Institute, he pointed out that the prin- 
cipal goals of the Institute were as follows: (1) M.LT. 
must maintain its educational leadership by pioneer- 
ing work in new fields and by having unexcelled facil- 
ities; (2) the Institute must broaden its educational 
program by providing a more rounded and complete 
college community for its students, almost a third of 
whom are pursuing graduate study, and (3) it must 
insure and stabilize an adequate salary level for its 
Faculty and staff to assure a stable corps of instructors 
of the highest caliber that can be obtained. 

The afternoon session, also held in the Campus 
Room, was devoted to a detailed presentation of the 
needs of the Institute as set forth by the Survey Com- 
mittee and amplified by members of the Administra- 
tion. Everett M. Baker, Dean of Students, stressed the 
importance to high student morale of a pleasant living 
environment, and forecast the benefits to be expected 
from better housing and recreational facilities for the 
students and younger members of the Institute’s grow- 
ing staff. Professor John C. Slater, Head of the De- 
partment of Physics, spoke of the dire need for mov- 
ing the important research and educational programs 
in nuclear science and in electronics out of the pres- 
ent wooden structures and into a modern fireproof 
laboratory. Professor Thomas K. Sherwood, ’24, Dean 
of Engineering, described the work going on in the 
fields of gas turbines, supersonics, hydromechanics, 
and metal processing, and made special reference to 
the need for new laboratories for the programs in 
hydromechanics and metal processing. 

Another area of research being carried out in non- 
fireproof quarters, improvised during World War II, 
is in the important field of food biology and proces- 
sing. Professor William L. Campbell, ’15, Head of the 
Department of Food Technology, outlined the needs 
of his Department in the Institute’s program of food 
research and instruction. As spokesman for the non- 
scientific needs of the Institute, Professor John E. 
Burchard, ’23, Dean of Humanities, made a strong 
case for the need of a Humanities Center as part of 
the new Hayden Memorial Library now under con- 
struction; an auditorium for student gatherings, and a 
Faculty Club were also listed as immediate nonscien- 
tific needs of the Institute. Finally, Horace S. Ford, 
Treasurer, closed the Friday afternoon meeting with 
an address on the financial problems confronting 
M.LT. as it faces the future, and discussed the way in 
which these could be solved with added endowment 
and unrestricted funds. The Institute’s postwar needs 
were estimated at $30,000,000 of which approximately 
$10,000,000 has been received since World War II 
in gifts, leaving a balance of $20,000,000 to be raised 
for new construction, additional endowment and un- 
restricted funds for M.LT. 

On the evening of November 19, the Hotel Statler 
was the scene of the banquet for those attending the 
conference. Speakers included Alfred P. Sloan, Jr., 95, 
honorary chairman of the Committee on Financing 
Development, and Dr. Compton, chairman of the Cor- 
poration. 
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DONALD F. CARPENTER, °22 


Life Member of the Corporation 


Corporation Life Member Donald F. Carpenter, ’22, chairman 
of the United States Munitions Board, has been elected to life 
membership on the Corporation of the Institute. Mr. Carpenter 
was first elected to the Corporation for a five-year term in 1943. 
His election to life membership comes at the completion of this 
term, during which he has served as chairman of the Corpora- 
tion Committee on Student Activity. Associated with the 
Remington Arms Company since 1933, where he is now vice- 
president and assistant general manager, Mr. Carpenter is in 
Washington on leave of absence. Mr. Carpenter has served on 
the Industry Advisory Committee and more recently on the 
Military Liaison Committee of the Atomic Energy Commis- 
sion. He is also deputy to James Forrestal, Secretary of Defense, 
on atomic energy matters. He is a member of the Board of Di- 
rectors of the American Management Association and is as- 
sistant chairman of the Small Arms Ammunition Industry 
Integrating Committee. Mr. Carpenter is a director of the 
Merchants National Bank of Leominster, Mass., the Remington 
Arms Union Metallic Cartridge Company, Ltd., of Brimsdown, 
England, the Peoples Savings Bank of Bridgeport, Conn., and 
the Seneca Falls (N.Y.) Machine Company. 


On Saturday, the conference discussed ways and 
means of underwriting Technology's future. As guests 
of the committee, Arnaud C. Marts, President of 
Marts and Lundy, Inc., New York consultants in fund 
raising, outlined the policies and methods which have 
been found to be successful in securing capital funds 
for universities. He reinforced the confidence of mem- 
bers of the Survey Committee that the $20,000,000 
still needed is within the likelihood of attainment in 
a period of about two years. At the same time, he 
warned that funds on such a scale as those needed by 
the Institute require long and painstaking efforts. 

Joseph J. Snyder, 2-44, Assistant Treasurer, indi- 
cated what may be expected in the way of Corpora- 
tion participation in the capital funds program. Mr. 
Dalton then introduced the chairmen of the various 
subcommittees who spoke briefly on their respective 








functions in the campaign. The committee chairmen 
include: Alfred P. Sloan, Jr., 95, honorary chairman, 
and Marshall B. Dalton, ’15, general chairman, Com- 
mittee on Financing Development; Thomas D’A. 
Brophy, ’16, Committee on Public Information; H. B. 
Richmond, ’14, Committee on Alumni Participation; 
William L. Campbell, ’15, Committee on Projects; 
Horace S. Ford, Committee on Resources; Frank B. 
Jewett, 03, Committee on Foundations; and Phillips 
Ketchum, Committee on Bequests. Professor Camp- 
bell is executive director and Mr. Jope is assistant ex- 
ecutive director of the office staff having headquarters 
in the Institute’s main buildings. 

The two-day program came to a close with a lunch- 
eon in the Campus Room. Professor George R. Harri- 
son, Dean of Science, made the concluding luncheon 
talk. Claiming a certain degree of objectivity because 
he was not an M.I.T. Alumnus, Dean Harrison chose 
for his topic “How M.I.T. Looks to an Outsider on the 
Inside” in appraising the high potentialities of the In- 
stitute and z critical part which the Development 
Program will play in M.I.T.’s service to society in the 
postwar era. 


The President Reports 


ipsam from industry in support of research and 
advanced education at the Institute are increas- 
ing under a program in which the possibilities of co- 
operation with industry in fields of mutual interest are 
being explored. This trend was reported by Dr. Comp- 
ton, as President of M.L.T., at the meeting of the Cor- 
poration on October 4. In recording progress toward 
objectives for the future development of the Institute, 
Dr. Compton recalled the work of the Corporation’s 
Survey Committee, headed by John R. Macomber, 
97, and outlined the steps which are being taken to 
implement that report. Said Dr. Compton: 


The Survey Committee was a large and representative 
group of the Corporation, aided by several alumni and 
outside consultants. It made a thorough study of the fi- 
nancial resources of the Institute and of the administra- 
tion’s tentative list of high priority needs for additional 
capital facilities and resources, and it recommended the 
creation of a Committee on Financing Development with 
a Bw ye to increase the endowment and plant of M.I.T. 
[which] should be a planned, scheduled and organized 
effort to bring the Institute to maximum effectiveness. The 
short-range objective is to secure [an additional] $20,000,- 
000 over a reasonable period for immediate application 
to the several projects and endowment but the Committee 
on Financing Development should also arrange for a con- 
tinuous directed effort to finance new or changed require- 
ments as they arise in the future.” 

The Survey Committee then went on to suggest a pro- 
posed organization for securing these funds, as a sunk of 
its study of various tested plans and methods. It recom- 
tiene | a large standing committee, reporting to the 
Corporation, to be called the “Committee on Financing 
Development.” It recommended the appointment of a 
General Chairman, a Steering Committee, a Development 
Office, a Committee on Projects, a Committee on Public 
Information, a Committee on Alumni Participation, a Com- 
mittee on Resources, a Committee for Special Gifts, a Com- 
mittee on Business Corporations, ve a group of local 
committees. It also suggested the form and duties of these 
committees and considered the desirability of engaging 


the assistance of a professional fund-raising organization. 
The Committee’s report closed with the following para- 
graph: 

“The Survey Committee approves in principle the broad 
organizational outline as described here, recognizing that 
the complete organization will need to be devised later. 
This outline is intended to serve only as a preliminary 
guide to the chief executive of the organization. Carefully 
detailed preparation and organization should precede the 
opening of active solicitation. While the immediate effort 
will not be a ‘campaign’ or a ‘drive’ the organization needs 
to operate with a sense of urgency, and with effective pub- 


‘licity. All members of the M.I.T. constituency should be 


given an organized opportunity to contribute, even though 
the primary source of funds will be found in a limited 
number of donors.” In interpreting this last sentence, we 
expect that this financial operation will stimulate rather 
than compete with contributions to the alumni and class 
funds within the normal scope of these funds. 

Following the Corporation’s approval of the recom- 
mendations in this report, the Executive Committee moved 
promptly to start the operation. Its first and most impor- 
tant move was to select the General Chairman, and the im- 
mediate approval of the selection of Marshall B. Dalton, 
"15, has been well justified by the vigor with which he is 
undertaking the organizational steps.° 

There are a few general comments which I would make 
with reference to our fund-raising program. The first is 
that we are talking about postwar additions involving 
$30,000,000, of which approximately $10,000,000 has al- 
ready been secured, leaving $20,000,000 still needed. So 
far as we can ascertain, this is the largest amount of money 
which any educational institution, with the exception of 
one, has ever set out to raise in an organized intensive ef- 
fort, though it is far from the largest amount of money 
which institutions have stated to describe their needs and 
opportunities. 

The second point is that every one of the objectives 
listed has been checked and studied in detail and stands 
every test which we can give it as being essential to our 
position of leadership in technological education. 

The third comment bears on a rather anomalous situa- 
tion in which privately supported educational institutions 
are found in one particular aspect of fund raising. I refer 
to the general attitude of the philanthropic foundations. 
There was a time a score or two score years ago when the 
foundations gave generously to the creation of needed new 
facilities of laboratories, libraries, and the like. Then came 
a reaction against “brick and mortar” and emphasis was 
placed on support of projects and programs, with emphasis 
shifting from endowment or long-term support to short- 
term support and with the formula that “if the project 
proves to be good, some other means will surely be found 
to continue it.” Simultaneously emphasis was coming to be 
placed on men, rather than on either projects or facilities. 


In commenting on the problems of financing which 
privately endowed and publicly supported educa- 
tional institutions face, Dr. Compton recalled that pri- 
vate institutions are being more and more throttled 
in their efforts to obtain plant facilities and “this par- 
ticular situation is one which threatens the relative 
effectiveness of privately supported institutions.” 
Then, continued Dr. Compton: 

Government has not found a legitimate way to provide 
private institutions with new capital facilities, except in 
certain very special cases, and industry is just beginning 
to justify grants for capital purposes. Foundations them- 

(Continued on page 114) 

*Progress being made by the Committee on Financing De- 

velopment appears on page 110. 
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The part shown here certainly does not seem com- 
plicated in either design or manufacture. Yet actually 
it proved to be difficult to make as economically as 
was desired. The piece is called a “potential tap,” 
and is a small stamped channel section used in cer- 
tain types of electric meters. Since it has to carry 
current, naturally it is made of copper. 

Originally this was made of electrolytic copper, 
with sufficient hardness to provide the strength re- 
quired to withstand the operation of tightening the 
wires on it by means of a nut and washer. The metal, 
however, proved troublesome, be- 
cause cracks developed at the 
bends during the forming opera- 
tion. As a result, 100% inspection 
was required, and rejections were 
numerous. Even though the rejects 
had a high salvage value, as is the 
case with anything made of copper, 
still the cost of the part was much 
higher than had been expected. 

At this point, a Revere Technical Adviser entered 
the picture. He studied both the requirements of the 
metal and the fabrication methods, and made two 
suggestions. One was that a somewhat harder temper 
be used. The other was that the metal be OFHC 
Copper, Oxygen-Free, High Conductivity. Test runs 
on this Revere Metal proved so satisfactory that a 
large production order was placed. 

OFHC Copper carries a premium over regular 
electrolytic, due to the extra processing necessary to 
produce it. Most of its applications are rather spe- 





cial, such as in electron tubes, and in electrical equip- 
ment operated at high temperatures in the presence 
of reducing gases. In the case of this potential tap 
such chemical characteristics were unimportant. The 
reason the Revere Technical Adviser recommended 
the metal was that it has excellent forming charac- 
teristics, even at a Rockwell hardness of B50. For 
that reason it can be deep-drawn, and the 90-degree 
bend required in this part is easy to produce with- 
out fracture. 

The General Manager of the company expressed 
it this way: “We paid a premium 
for OFHC Copper. But that pre- 
mium is much more than offset by 
our saving in scrap and the all- 
around reduction in costs. Our 
potential taps now have no more 
cracks in the bends, there are no 
rejections whatever, and expensive 
inspection has been eliminated.” 

Thus another manufacturer has 
learned that it is not the price per pound that deter- 
mines the economy of a material, but the cost of the 
finished part made of it. 

In this instance Revere collaborated with the com- 
pany in the investigation. However, there are other 
informed suppliers of materials, whether they be 
metals or chemicals, plastics, glass or wood. Revere 
suggests that you take them into your confidence, 
and work closely with them. After all, every order 
entitles you to their knowledge as well as to their 
shipments. Why not get both? 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
* * * 


Executive Offices: 
230 Park Avenue, New York 17, N. Y. 
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selves have as great a stake as anyone in the prosperous 
development of industry, for they are among the largest 
stockholders in free enterprise. In regard to major social 
problems — like natural resources versus population, na- 
tional security, ability to maintain social security and 
standards of living and health — science and technology 
play roles certainly comparable to social planning or con- 
trols in any long-range view, and are clearly subordinate 
in importance only to ethics and religion. 





Although Cambridge and M.LT. are almost synony- 
mous terms, the President’s Report reminds us that the 
Institute has outside operations going on in 27 places 
in 11 states and in Canada. The President’s Report 
included the following comments on special educa- 
tional projects: 


I had originally hoped to discuss at this time the report 
of our faculty committee on its two years’ intensive study 
of our educational objectives and procedures. However, 
because of the magnitude and importance of the task, the 
decision was reached to postpone the report until some 
time in the coming year, it being felt that soundness of 
conclusions was far more important than a few months 
more or less in their timing. When this study shall have 
been completed we shall all feel an increased confidence 
and enthusiasm, whether or not the committee recommends 
substantial changes in our operations. 






Economy Non-Clogging 
Sewage Pump 


pumping service. 


on Economy Pumps. 
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Croser. REGULATION . ‘ 
. . that’s been the forty year jevise 
Automatic Regulating Valves on ‘i 

the land. : 


With renewed generous financial support by Alfred P. 
Sloan, Jr., 95, through his foundation, the Alfred P. Sloan 
Foundation Fellowship Program in industrial management 
has been reauthorized for a period of years, after having 
been abandoned during the war because the men who 
would have been involved in it were too urgently needed 
for war service. We are convinced, by testimony and re- 
sults, that this has been the outstanding program in the 
country for expediting the development of promising 
young executives. A group of fellows will be selected dur- 
ing the coming months to begin their active program next 
summer, under the executive supervision of Professor 
Gerald B. Tallman. In conducting this program, our De- 
partment of Business and Engineering Administration has 
always had the very generous co-operation of the top ex- 
ecutives of many business concerns in the selection of can- 
didates and participation in seminars, plant visits, and 
thesis studies. 

The unique program of the M.I.T. Foreign Student 
Summer Project was also summarized in the Presi- 
dent’s Report; a full-length article on this topic ap- 
pared in the November, 1948, issue of The Review. 
As to athletic activities at M.I.T., the President's Re- 
port continues: 


Also of real educational significance is the new program 
of intramural and undergraduate athletics which has been 
instituted under the regime of our first Director of Ath- 
letics, Ivan J. Geiger, and the new Athletic Board ap- 
pointed by the President. With retention as before of the 
essential feature of undergraduate management of their 


(Continued on page 116) 
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activities, but with the experience and advice of Mr. Gei- 
ger, emphasis has been placed on two factors: first, the 
attempt to interest every student in some type of athletics, 
and, second, substitution for the prewar freshman com- 
pulsory physical training of a program whereby every 
freshman, under experienced teachers, achieves some pro- 
ficiency in one or more types of athletic sport which can 
give him continued satisfaction after leaving college. The 
results of the first year of this new program have been 


decidedly gratifying. 


In spite of efforts to reduce the enrollment to the 
stabilized postwar figure of 4,500 students as soon as 
this becomes practicable, the student body this year 
is still at a very high level. Enrollment this year is 
5,474 which is only slightly less than the all-time peak 
of 5,662 reached last year and more than the 5,000 fig- 
ure which had been forecast for this year. Of last 
year's student body, approximately 54 per cent were 
veterans as compared to 60 per cent for the preceding 
year; and approximately 22 per cent were married, as 
compared with 25 per cent for the preceding year. A 
total of 223 American colleges and universities and 88 
foreign institutions in 47 countries were represented 
in the Institute’s cosmopolitan student body which 
included 67 women. 

Recognizing changed conditions to be encountered 
in the postwar period, the Institute inaugurated an 


annual salary plan for its Faculty members a few 
years ago. The success of this plan, under present 
economic conditions, was summarized by Dr. Comp- 
ton in these words: 


The cost of living as measured by the Consumers’ Price 
Index had risen, as of April of this year, nearly 70 per cent 
since 1939 — and is now still higher. Actually in American 
colleges increasing compensation of faculty members has 
fallen far behind the rising cost of living. At M.I.T. our 
average monthly academic staff salary rate has gone up 
about 30 per cent since 1939. By means of the annual sal- 
ary plan instituted at the end of the war, and involvi ing 
summer-term duties which had not been included before, 
the total assured take-home pay of our faculty has in- 
creased about 45 per cent. It should be pointed out, how- 
ever, that many of our staff on the old nine-month plan 
earned extra compensation during the summer, both at 
the Institute and outside, opportunity for which has shrunk 
or vanished under the twelve-month plan. Thus, while the 
annual plan benefited the faculty as a whole, it may not 
in individual cases have increased the total compensation, 
and the actual average compensation from all sources has 
not increased by as much as 45 per cent. Also in this period 
the tuition has a raised by 16% per cent. 


The President’s Report concluded with a summary 
of changes in personnel, nearly all of which have al- 
ready been recorded in recent issues of The Review. 
All Alumni may take genuine satisfaction in witness- 
ing the gradual development of plans for a new era at 
Technology, which are so ably envisioned and out- 
lined in the President's Report of Dr. Compton. 

(Continued on page 118) 
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Crude Alcohol Unit of the 

Esso Standard Oil Company's 
‘ Refinery at Baton Rouge, 
ee Louisiana. 


Interior view of First Section 

of new Redondo Steam Sta- i 
tion of Southern California ; 
Edison Company, now under 
construction at Redondo 
Beach, California. 


OO atiatiatiies is the common denominator which is 
essential to the success of any project, large or small. 
The many years of experience of Stone & Webster 
Engineering Corporation in engineering, design and 


construction covers a wide range of diversified projects. 
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Is a Vital Part 


in any Universal Joint 
. . « Says Tommy Upiversal 


Yes WE ALWAYS 

KNEW the center block was 

the “heart of a Universal 

Joint’ and that bearing-pin 

holes in the block must in- 

Meee fersect accurately in the 

exact center — that bearing 

faces must be parallel, hard- 

ened, and precision ground to insure 

smooth, trouble-free, long-lived operation. 

BUT — WE NOW KNOW from recent extensive 

laboratory tests that two parallel lubrication 

grooves on each of the four (4) bearing surfaces 
of the center block reduce heat. 

DO YOU KNOW you can now buy Curtis Univer- 

sal Joints in sizes from 114” up for 5%” or larger 

shafts — equipped with this new LO-FRICTION 

center block at no extra cost? 


Be sure to specify Curtis Universal Joints — avail- 
able from stock in 14 standard sizes, either single 
or double, for heavy duty installations — Curtis 
““Ball-Type’’ Universal Joints in 4 sizes for high 
speed light-duty or hand-operated installations. 


WRITE DEPT. B-5 
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Y, joint co. ine. 
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From the Treasurer 
I N presenting his annual report on the financial status 
of the Institute at the Corporation meeting on Oc- 
tober 4, Horace S. Ford, M.I.T. Treasurer, announced 
that the total volume of transactions for the fiscal year 
ending June 30, 1948, was $21,000,000 or $4,000,000 in 
excess of the 1947 figure. This increase is accounted 
for largely by additional revenues from research con- 
tracts, but the year’s volume is considerably less than 
the all-time peak reached in the war period of 1945. 
Research contract revenues were $13,301,000 in 1948 
compared to $9,825,000 in 1947. 

With the largest enrollment in the Institute’s history, 
income from students, including loan and scholarship 
awards, was $4,068,000 or $638,000 more than a year 
ago. In the 1947 fiscal year, two thirds of the income 
from tuition fees came from the Veterans Administra- 
tion Office, but this figure has dropped to one half of 
the tuition receipts for the current year; it will drop 
still further in the coming year. 

Academic expenses of $5,039,000 were $351,000 
above the figure for 1947, with general administrative 
expenses $271,000 above the 1947 amount. Plant op- 
eration, including repairs and alterations, was $1,335,- 
000, a decrease of $130,000 from the previous year. 
Total income exceeded expenses by $204,456 and the 
cumulative deficit for the Institute’s 84 years of opera- 
tion now stands at $21,119. 

An interesting flow chart in the Treasurer's Report 
shows the manner in which income and expenses are 
distributed: 


INCOME PER CENT 
Tuition, civilian students 10 
Tuition, Veterans Administration 10 
Income from investment 6 
Gifts and other funds and receipts 8 


Research contracts (reimbursement for adminis- 
trative and plant expenses) 

Research contracts (reimbursement for direct 
expenses) 

Dormitories, dining services, and so on 
EXPENSES 

Academic expenses 

General and special administration 

Plant operation 

Medical and other expenses 

Research contracts, direct expenses 

Dormitories, dining facilities, and so on 
The emphasis which the Institute has placed on ex- 

tracurricular activities is reflected in increased operat- 

ing costs in certain student activities. These are sum- 

marized from the Treasurer’s Report as follows: 

ANNUAL EXPENDITURE 


5 


bo on 
an 


QOun@d~1-» 


5 


AVERAGE 
FOR 
ITEM 1941-1945 1946 1947 1948 
Library operation 80,000 93,000 166,000 175,000 


Medical Department 65,000 80,000 138,000 153,000 
Undergraduate ath- 
letics, cultural, and 
recreation 100,000 112,000 170,000 207,000 
(Concluded on page 120) 
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Established New England manu- 
facturer wishes to undertake devel- 
opment of patented, scientific, or 
technical apparatus to sell at approxi- 
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tential market of around 1000 units 
per year. Now equipped for heavy 
machine work but with ample floor 
space for light manufacturing and as- 
sembly. Will consider employment 
of a man with basic idea under a 
profit-sharing arrangement or will 
consider outright purchase of an es- 
tablished and proven product or pat- 
ent. Address inquiries to President, 
Box G, The Technology Review, 
M.I.T., Cambridge 39, Mass. 
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Humanities Series 


anon important musical events and lectures will 
come to the Institute this year as a part of the pro- 
gram of the new M.1.T. Humanities Series. By sup- 
plementing other lectures and programs already or- 
ganized at M.I.T., the Humanities Series aims to 
broaden the experiences and horizons of the technical 
students at the Institute. 

The series was inaugurated on October 28 in an all- 
Beethoven program by the London String Quartet, 
arranged through the co-operation of Mrs. Elizabeth 
Sprague Coolidge. Interested members of the Faculty 
and student body filled Huntington Hall. By means of 
a public address installation, the concert was also 
made available to an overflow audience in the lecture 
hall of the Eastman Laboratories. 

Lecturers now scheduled to appear in the Humani- 
ties Series at M.I.T. during the coming months are: 
C. Crane Brinton, Professor of Ancient and Modern 
History at Harvard University; F. S. C. Northrop, 
Professor of Philosophy in the Yale University Law 
School; and Margaret Mead, anthropologist with the 
American Museum of Natural History, New York, Dr. 
Killian announced in opening the series under the ad- 
ministration of Professor John E. Burchard, ’23, Dean 
of Humanities. 

Events in the M.I.T. Humanities Series will be 
representative of all five areas of studies involved in 
the Division of Humanities at the Institute. They will 
thus cover literature, history, music, economics, and 
business. 


EARLY CHINESE ROCKETS 


(Continued from page 102) 


against wind and rain, and were supplied with straps 
by which they could be held in front of the soldier in 
position for use. Each basket carried about 20 arrows 
connected to a master match which passed through an 
aperture in the side of the basket. The arrows had 
steel tips smeared with poison, and carried pellets of 
incendiary composition which took fire after the 
driver charge had burned out. “These are particularly 
efficient for the burning of fodder, wall-towers, and 
ships. On meeting the enemy it is possible to antici- 
pate the attack.” 

One portable launcher consisted of a small wooden 
box with a leather cover, arranged to fire a cluster of 
100 small rocket-arrows. The shaft of each arrow was 
of bamboo, one and six-tenths feet long, the driver 
tube three-tenths of a foot long, and a piece of iron 
was attached behind the feather so that the center of 
gravity was four fingers width below the mouth of the 
driver tube. The arrows flew for a distance of more 
than 300 paces. Other sizes were used against boats 
and carts, but the kind described here was short and 
small, and intended to be carried in infantry battles 

(Concluded on page 122) 
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of an indicating device with the advan- 
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A contact arm, mounted as shown above, 
is easily set to make contact at any tem- 
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A terminal block on the periphery of 
the case makes electrical connection 
easy. The thermometer is all-metal, typi- 
cally WESTON in ruggedness and relia- 


bility, with accuracy of +1% as an 
indicating thermometer, and +1142% as 
a contact making device. It is supplied in 
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For complete information see your 
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Weston Electrical Instrument Corpora- 
tion,702 Frelinghuysen Avenue, Newark 
5, New Jersey. 
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on land by one soldier. Other launchers contained two 
sets of 25 rocket-arrows, the sets arranged to be fired 
separately from opposite ends of the carrying case 
(Fig. 7). 

Another portable launcher (Fig. 8) fired 30 rocket- 
arrows having shafts two and nine-tenths feet long 
and driver tubes four-tenths of a foot long. “Each box 
is to weigh not more than five or six pounds, so that 
one soldier may carry it. Wait until the enemy is 
within 200 paces, then fire suddenly all at once. The 
effect is fierce, so that one soldier is superior to 
thirty.” 

Another portable launcher (Fig. 9) fired 40 power- 
ful rocket-arrows, sticks two and three-tenths feet 
long, driver tubes five-tenths of a foot long, carrying 
iron weights behind the feathers to bring the centers 
of gravity six fingers width below the mouths of the 
driver tubes. The arrows flew more than 400 paces. 
Before firing they were held in the launcher with 
their heads separated more widely than their tails, so 
that they spread out in flight and scattered transver- 
sally over a width of several hundred feet. “Whenever 
meeting with the enemy in the open country, merely 
with 10 or so boxes before the ranks, for a breadth of 
several thousand feet everything will be arrows.” 

A fixed launcher of a size to hold 100 or more 
rocket-arrows was made of wooden boards, and was 
set upon an iron axle between two supports so that it 
could be tilted to vary the range. “Whenever there 
are bandits to be suppressed, [this contrivance] being 
stationed on the strategic roads, aim it and fire. The 
arrows will go for several hundred paces. If these are 
made in several hundreds, it will indeed be a great 
help.” 

Before the early part of the Seventeenth Century 
Chinese ingenuity had already adapted rockets to a 
variety of special military uses, and had developed 
tactical techniques which are useful today with rock- 
ets carrying charges of high explosive. The Europeans 
of the same time had developed larger and fancier 
rockets for recreation and display. Biringuccio in 1540 
described rockets which burst at the top of their flight 
sending forth six or eight other rockets or serpents,* 
and Hanzelet Lorrain (Jean Appier) in 1630 described 
rockets which threw out crackers (grasshoppers), 
stars, and serpents. The latter recommended the mili- 
tary use of rockets of six or seven pounds weight with 
grenades in their heads, which, he believed, would 
frighten both men and horses, and would easily break 
up a squadron of cavalry.* This is the only warlike 
application of rockets mentioned in his book, and rep- 
resents, apparently, the most advanced thinking in 
Europe at that time on the tactical use of rockets in 
acts of warfare. 

8The Pirotechnia of Vannoccio Biringuccio, translated from 
the Italian with an introduction and notes by Cyril Stanley 
Smith & Martha Teach Gnudi,” The American Institute of 
Mining and Metallurgical Engineers, New York, 1942, page 
443. 

“Lorrain, La Pyrotechnie, Pont 4 Mousson, 1630, pages 224— 
225; 234-239. 
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You Can Double Your Toolroom Capacity 


If your toolroom is overloaded, don’t expand; get in touch with the Taft- 
Peirce Contract Service Division. 

Here at your immediate disposal are experience and facilities which have 
handled jobs ranging from complete tooling programs for automobile 
manufacturers to single jigs, fixtures, punches, dies, gages, and molds of the 
widest variety for manufacturers in almost every industry. 

For complete information about this master toolroom and how it can 
become a part time part of your plant, write for a copy of the illustrated 
book, “Take It To Taft-Peirce.” The Taft-Peirce Manufacturing Company, 
Woonsocket, Rhode Island. 
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renowned makers in Scotland and Eng- 


land. Write for our illustrated circular. 


MAIL ORDERS ACCEPTED 


Rogers Pa 
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In New York: Fifth Avenue at 4ist Street 
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SCIENCE.IN EDUCATION 
(Continued from page 100) 


with this reasoning lies in the fact that of the 500,000,- 
000 gallons, all of it was industrial alcohol, and none 
was for beverages. 

The illustrations I have used are intended to sug- 
gest the value of a little knowledge of science and 
technology and some training in quantitative thinking 
as part of the perspective of a general education for 
nonscientists and nonengineers. I have not meant to 
imply that all students should elect science or engi- 
neering as careers. Indeed, the scientist and engineer 
need much more of the appreciation of values which 
a liberal arts training a This need has been ex- 
pressed formally in the 1940 report of the American 
Society for Engineering Education, which calls for the 
development in engineering graduates of an “ade- 
quate concept of the duties of citizenship in a demo- 
cratic society, an acquaintanceship with the enduring 
ideas and aspirations which men have evolved as 
guides to ethical and moral values, and with an ap- 
preciation of cultural interests lying outside the field 
of engineering.” The four-year engineering curricu- 
lum today has a larger fraction of humanistic and cul- 
tural subjects than at any time since engineering cur- 
ricula were formulated a century ago. The trend to- 
ward more nontechnical content in engineering cur- 
ricular has been followed in spite of the increasing 
complexity of technology. The reason is simple and 
very practical — engineers need to know more of the 
humanities not merely to be better citizens, but to be 
better engineers. 

If liberal arts graduates need more general knowl- 
edge of science and technology, certainly scientists 
and engineers need more breadth. Logic is a great 
thing but it is not to be revered as the only criterion of 
sound thought. Problems of human relations may 
sometimes be solved by logic, but the logical solutions 
are not always necessarily the best. Statistics are said 
to show that chemical engineers are the most happily 
married of professional people, but I suspect that, if 
true, this is due to wise rejection of logic in the inevi- 
table domestic crises, rather than to the application of 
the scientific method to the problems of married life. 
Unless engineers understand the limitations of science 
and logic, their education may prove to be not only 
faulty but dangerous as well. 

I do not know that it has been done, but I suspect a 
clever writer could make out quite a case for the bene- 
fits of war to civilization. In answer to the statement 
that wars never settle anything, he would point out 
that one war established this great country, and that 
a second war made it one. He would point out that the 
death rate due to automobile accidents in peacetime is 
half as great as the average death rate among United 
States military personnel during World War II. He 
would point to the wartime acceleration of medical re- 
search, which doubtless added more man-years to 
American lives than were lost during the war. Penicil- 
lin, a war baby, will save as many lives in a single year 
as this country lost in five years of war. Production and 
employment are at their peaks during a war. The 

(Concluded on page 126) 
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SCIENCE IN EDUCATION 
(Concluded from page 124) 


great wartime developments in atomic physics, which 
the war advanced by perhaps a generation, can rea- 
sonably be expected ultimately to mean as much to 
the improvement of man’s material well-being in 
peacetime as did the industrial revolution. Properly 
developed and documented, such an argument would 
show by cold logic that we ought to promote a con- 
tinuous war. If engineers or scientists, brought up on 
the scientific method and the sancity of logic, should 
be so lacking in a sense of values and so inculcated 
with materialistic philosophy as to be taken in by such 
an argument, then we should, indeed, close our schools 
of science and technology. 

It is not sufficient to recognize that science has be- 
come more important than it was a generation ago; it 
is developing so rapidly that it may dominate our 
whole way of life. To educators and to students the 
implications are clear — schools of the liberal arts 
should provide more general education in science and 
its meaning to all of us; graduates in science and en- 
gineering should have that sense of values and aware- 
ness of the real place of science in men’s lives without 
which they might use science for evil. In science today 
we have a giant in our midst and perhaps should re- 
member Shakespeare’s warning: 


“O, it is excellent 
To have a giant’s strength; but it is tyrannous 
To use it like a giant.” 


ANDRE-MARIE AMPERE 
(Continued from page 108) 


and, at times, poetry. Toward the end of his life Am- 
pére was working on an “Essay on the Philosophy of 
the Sciences” which, unfortunately, was never com- 
pleted. This was a prodigious undertaking, and aimed 
to classify all sciences based on principles which, to- 
day, would be considered somewhat fanciful. 

But of the many contributions of his versatile mind, 
Ampére will always be best known for his great car- 
dinal formulation of electrodynamics —a branch of 
electricity which Ampére established almost alone in 
a few weeks of brilliant experimental research and 
mathematical analysis. This work is of sufficient im- 
portance to merit treatment in some detail, but Am- 
pére’s contribution may be better appreciated, how- 
ever, after a survey of the state of electrical knowledge 
which led to his establishment of electrodynamics. 


Electrical Science up to 1820 


At the beginning of the Eighteenth Century, knowl- 
edge of electricity was meager, fragmentary, and un- 
co-ordinated. There were no means for producing an 
electric current until 1800 and all studies of the new 
science were confined to an examination of electricity 
at rest — to which the name “electrostatics” has been 
given. 

About 1720, Stephen Gray in England found that 
electric charges could be transmitted for distances 
of at least several hundred feet, and a dozen years 
later, in France, Charles Frangois de Cisternay Du 


(Continued on page 128) 
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ANDRE-MARIE AMPERE 
(Continued from page 126) 


Fay recognized the difference between electrical con- 
ductors and insulators. Du Fay also discovered there 
were two kinds of electricity, and found that all ma- 
terials could be electrified, under appropriate condi- 
tions, and so put a stop to the avid search then going 
on for new substances for electrification. Du Fay also 
established the first law of electrostatics; bodies 
charged with the same kind of electricity repelled one 
another, whereas bodies charged with different kinds 
of electricity exhibited a force of attraction. In experi- 
ments conducted at Philadelphia, about 1745, our own 
versatile Benjamin Franklin not only proved the elec- 
trical nature of lightning, as every schoolboy now 
knows, but developed the single-fluid theory of elec- 
tricity which is the forerunner of our present notions. 

The discovery of the Leyden jar, in 1745, independ- 
ently by van Musschenbroek of Leyden and von Kleist 
of Pomerania, was an important step in electrical 
progress, since for the first time it made possible the 
collection and storing of electric charges. The pecul- 
iarly shocking properties of the Leyden jar discharges 
attracted much attention at the time and were even 
exploited by circus performers. In the seventh and 
eighth decades of the Eighteenth Century the first 
quantitive knowledge of electrostatics was developed. 
At the suggestion of Franklin, Priestley, in 1766, and 
Cavendish, in 1771, made the first determination of 
the law of forces of electrical charges in England. But 
it remained for the Frenchman, Coulomb, to develop 
the torsion balance with which he determined and 
enunciated the inverse square law of force for electric 
charges. This first quantitative law of electricity was 
stated by Coulomb in 1785, when Ampére was 10 
years of age. 

While England, France, and America were thus en- 
gaged in a study of electricity at rest, developments 
going on in Italy were to open up a new field of cur- 
rent electricity or electricity in motion. In 1789, Luigi 
Galvani, physician and anatomist in Bologna, dis- 
sected several frogs to study their nerve systems, and 
hung them from an iron balcony by means of small 
copper hooks. He observed that each time the wind 
blew strong enough for the frog legs to come in con- 
tact with the iron balcony, a twitching took place. 
Galvani carried out experiments which led him to 
conclude that the twitching was due to electrical 
causes which he incorrectly ascribed to animal elec- 
tricity. 

Galvani’s work was studied by a contemporary 
compatriot, Alessandro Volta, professor at the Uni- 
versity of Pavia. Volta concluded that the twitching 
was the result of action of the dissimilar metals, iron 
and copper, in the presence of moisture which pro- 
duced an electric current. He found that acidulated 
water was even better than moisture, and challenged 
Galvani’s conclusions. In a letter to the president of 
the Royal Society of London, Volta described his vol- 
taic pile, the forerunner of the electric battery. This 
was in 1800, the year which marks the beginning of 
the use of current electricity by man. 


(Continued on page 130) 
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ANDRE-MARIE AMPERE 
(Continued from page 128) 


With a means for producing an electric current, re- 
search in electricity was greatly stimulated. Davy 
used the voltaic pile to decompose water and there 
was controversy as to whether the current produced 
by the voltaic pile was the same as that produced by 
static electricity. 

The relation between electricity and magnetism 
was long suspected, but it remained for Oersted, pro- 
fessor of physics at the University of Copenhagen, to 
establish this connection in the winter of 1819-1820. 
Placing a current-carrying conductor at right angles 
to the magnetic needle of a compass, Oersted ob- 
served the deflection of the needle as a result of the 
current flow. He reversed the direction of the current 
and the needle was deflected in the opposite direction. 
This was the first time any such effect between an 
electric current and a magnet was observed. Oersted 
described his experiments in a pamphlet published in 
Latin on July 21, 1820; a French translation by Arago 
appeared in the following August. Oersted’s experi- 
ments pointed the way to what was to become an im- 
portant development in electricity, but the Danish 
physicist was content merely to describe rather than 
to analyze his experiments. His experiments were the 
fulminating cap which set off Ampére’s penetrating 
analytical ability. 

In Switzerland, Arago had witnessed de La Rive 
perform Oersted’s experiment. When he returned 
from that country, Arago repeated Oersted’s experi- 
ment before the French Academy on September 11, 
1820. Ampére was present. Exactly one week later, on 
September 18, 1820, Ampére read the first of four sig- 
nificant papers in which the work of Oersted and 
Arago was amplified and new concepts of the forces 
between current-carrying conductors were enun- 
ciated. With the aid of ingenious experiments he veri- 
fied, predicted, and generalized the forces acting be- 
tween current-carrying conductors. In an article in 
the Annales de Chimie et de Physique, in 1822, Am- 
pére established the now well-known fundamental 
laws of electrodynamics which may be summarized 
as follows: 

1. When the direction of the current flow is re- 
versed, the magnetic effect of the current is likewise 
reversed. 

2. The effect of a current flowing in a circuit com- 
posed of a twisted pair of conductors is the same as if 
the circuit were smoothed out. 

3. The force exerted by the magnetic effect of a 
closed circuit, acting on an element of another circuit, 
is at right angles to the latter. 

4. If the magnitudes of the currents flowing in two 
circuits remain unchanged, the force between the two 
circuits is unaffected when all linear dimensions are 
changed in the same proportion. 

Ampére also showed that the magne tic effect pro- 
duced by an electric current is equivalent to a distri- 
bution of magnetism on a surface of which the circuit 
is the boundary. His development of electrodynamics 
was presented in final form before the Institut in 
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ANDRE-MARIE AMPERE 


(Continued from page 130) 


1826 in a paper entitled Théorie Mathématique des 
Phénomenes Electrodynamiques Uniquement Dédu- 
ite de lExpérience. Thus, in the brief period of six 
years, an entirely new field of electricity was opened 
up by Ampére, while the major portion of his impor- 
tant contributions were made within a month after he 
learned of Oersted’s experiments from the demonstra- 
tion made by Arago. 


Ampere’s Name Immortalized 


Almost a half of a century slipped by after Ampére’s 
death (45 years to be exact) and nothing was done to 
memorialize the name of him who founded the sci- 
ence of electrodynamics. But there were men who had 
not forgotten. In 1881, in the city of Paris, there where 
Ampére had done such brilliant work, a meeting of the 
International Congress of Electricians was held. Hav- 
ing in mind the remark of the brilliant Scotch physi- 
cist, Clerk Maxwell, who said that Ampére was “the 
Newton of Electricity,” Helmholtz, the famous Ger- 
man physicist, proposed that the practical unit of elec- 
tric current be named Ampére. Others suggested that 
the unit be called the Weber, after a German physicist 
who was still living. But Helmholtz, aided by the ef- 
forts of Mascart, the French physicist and meteorolo- 
gist, won out. What a delightful and gracious beau 
geste of the German Helmholtz. 

But Ampére’s name is not memorialized alone in the 
practical unit of electric current. Streets, squares, ave- 
nues, public schools, and public buildings were 
named after him at home and abroad. Some readers of 
these pages may have taken a train ride from Hoboken 
to East Orange, N.J., during which they would have 
found themselves passing a station bearing the name 
Ampere. The town has many small establishments, in- 
cluding a theater, a bank, and a street, all called by the 
name of Ampere. Ampere, in the state of New Jersey, 
is a town within a city — the city being East Orange. 
How has this come about? It was in 1893, and through 
the efforts of Francis B. Crocker and Schuyler Skaats 
Wheeler, that the station in East Orange, formerly 
known as Crescent, was named Ampere. A plaque 
bearing the bas-relief of Ampére was unveiled in 
October, 1908, by the French ambassador to the 
United States, Jules Jusserand, in the presence of 
many distinguished men of science. 
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William H. Coburn, ’11 William F. Dean, *17 


William H. Coburn & Co. 


INVESTMENT COUNSEL 


68 Devonshire St. Boston, Mass. 








THE TECHNOLOGY REVIEW 

















McCREERY and THERIAULT 
Building Construction 


126 NEWBURY STREET BOSTON, MASS. 
























MMT TTT 


INMATE 


A Report 
TO M.LT. MEN 


In 1917 Walker Memorial Building was 
opened, a gift from Alumni for the welfare 
of M.L.T. students. In addition to including 
offices for student activities and serving as a 
student social center, this building houses 
the dining service. 


ws 


THE MURRAY 
PRINTING COMPANY 


i | 
: 





A Complete Printing Organization 


In 1947-48 nearly one million meals were 
served to staff and students. Morss Hall seats 
approximately 500 people. Thus, each chair 
served 2,000 people per year or 5.5 persons 
per day. We thank the Alumni for making 
these services possible. 


WALKER MEMORIAL 
DINING SERVICE 


e M.I.T. e 
CAMBRIDGE 39, MASSACHUSETTS 
A. W. BRIDGES, Manager 


Letter Press - Offset - Binding 


“7 


i 






| 
| 
. . 
| 





| Wakefield « Massachusetts 




















Qe ee ee OE ey 





If It's Made — Ask ALBERT! 


eo PIPE e VALVES e FITTINGS e PILING 


Electric Weld lron Body Welding ARMCO 
















Seamless Forged Steel Tube Turns Youngstown 
Spiral Weld Fabricated . 

Lap Weld Cast Steel Gatien Pile Delete 

Butt Weld and Forged Stee! Cobi-Pile Tips 
Steel— Wrought Iron Special Dresser Pile Sleeves 
Corrugated Culvert Alloys Victaulic Cobi-Timber Tips 





STAINLESS STEEL PIPE, FITTINGS AND VALVES S. G. ALBERT °29, Treasurer 


ALBERT PIPE SUPPLY CO., Inc. 





Coiling = 
nding ~~ e Testing 
” Threading ©” ifications 






No. 13th & Berry Streets, Brooklyn, N. Y EVergreen 7-8100 


DECEMBER, 1948 133 








SETS STE He SESE SL SE Se TIE SE Te TOON OM 
WILLIAM D. NEUBERG €0., INC. 


CTR: Chemucals CTD 


GRAYBAR BUILDING 420 LEXINGTON AVE. 
NEW YORK 17, N. Y. 
TELEPHONE OREGON 9-2550 
CABLE—"“WILNEUBERG” 


Hestestete re Heke Hehe she He Heke he ale He Hecke leah 





Plans Reports 
Specifications Evaiuations 
Supervision Consultation 
HOLMES & NARVER 
ENGINEERS 


824 South Figueroa Street, Los Angeles 14 


D. LEE NARVER 


James T. HoLMEs 
Stanford ’14 


M.1.T.’14 








N. A. LOUGEE & COMPANY 


ENGINEERS 


Successors to J. H. Manning & Company 


Reports — Appraisals — Depreciation Studies 


Rate Cases—Business and Economic Studies 


NEW YORK 
L. H. MatrHews °13 
J. W. McDona tp, Jr. ’20 


120 BROADWAY 
N. A. Loucgg ’11 





ANDRE-MARIE AMPERE 


(Concluded from page 132) 


On December 4, 1920, on the one hundredth anni- 
versary of Ampére’s discoveries, a bronze wreath and 
tablet were added. Prince de Béarn, of the French 
Embassy, officiated, and speeches were made by 
Michael I. Pupin and many others. 

At the time of the centenary of his death, Georges 
Kempflin wrote a short account of Ampére in the 
French newspaper Paris Soir, including his intimate 
life. He said: 


It was at Poleymieux where he met Julie Carron, the 
great love of his twenties. First and delicious romance, the 
ups and downs of which the lover wrote in his diary with 
touching simplicity . . . “We went into the lane where I 
climbed the big cherry tree . . . I ate the cherries which 
were in her lap . we went into the big garden where 
she accepted a lily from my hand . . . lastly we went to 
see the brook.” Simple words these but how touching — 
they reach right into the heart. 

The hours spent at Poleymieux were the happiest hours 
of the life of the great man. They were short. Five years of 
happiness* without a cloud and the book was closed. Julie 
died leaving this fine and great man of science, and prom- 
ises of fame, in the deepest affliction. 

The brook is always there; in the springtime there are 
always lilies in the garden and cherries in the cherry tree. 
The souvenir of her who lit the great fire floats anew in 
these places as of yore. This is due to the munificence of 
two Americans, Hernand and Sosthénes Behn, that the old 
family house of Ampére has become the property of his 
spiritual descendants, The Society of the Friends of Am- 
pere who have made it into a sanctuary of the souvenirs 
and a museum of Ampére’s discoveries. 

For 67 years, since 1881, the world has known the 
word ampere. We hope that, at least those who have 
read this article, will now also know the man — the 
Frenchman a German immortalized — André-Marie 


Ampere. 


8 This is incorrect. It was only four years. See page 107. 
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BOSTON NEW YORK 


FAY, SPOFFORD & THORNDIKE 
Engineers 
Airports — Bridges — Water Supply and Sewerage 
Port and Terminal Works — Fire Prevention 


INVESTIGATIONS 
SUPERVISION OF CONSTRUCTION 


DESIGNS 


Boston New York 





H. K. BARROWS, °95 


M. Am. Soc. C. E. 
CONSULTING HYDRAULIC ENGINEER 
Hydro-electric Developments — W ater Supplies. Reports, 
Plans, Supervision. Advice, Appraisals 


6 Beacon STREET P7 Boston, Mass. 


CLEVERDON, VARNEY & PIKE 


Consulting Engineers 
HERBERT S. CLEVERDON 710 Watpo F. Pike 715 


Structural Designs Foundations 
Heating Ventilating and Plumbing Designs 
Industrial Buildings, Reports, Investigations 


120 TREMONT STREET BOSTON 8, MASS. 





EapiE, FREUND AND CAMPBELL 
ConsULTING ENGINEERS 
500 FirtH AVENUE New York 18, N. Y. 
Plans and Specifications — Examinations and Reports 
Power, Heating, Ventilating, Electric, Plumbing, 
Sprinkler, Refrigerating, Elevator Installations, etc., 


in Buildings and Industrial Plants 
J. K. Camrpsert, M.I.T. "11 


MAURICE A. REIDY 


Consulting Engineer 
BRIDGES BUILDINGS 
STRUCTURAL DESIGNS FOUNDATIONS 
CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 
Estimates and Appraisals 


101 TREMONT STREET BOSTON, MASS. 





STARKWEATHER ENGINEERING CO. 


INCORPORATED 


Engineers and Contractors for Pumping Plants 
Boiler and Power Plants, Cooling Water 
and Heat Recovery Systems 
246 Walnut Street, Newtonville 


Wm. G. Starkweather, M.E. 
Cornell "92 


BIGelow 8042 


J. B. Starkweather, B.S. 
M.I.T. °21 





THE KULJIAN CORPORATION 
CONSULTANTS 7 ENGINEERS 7 CONSTRUCTORS 


Specialists in 
UTILITY, INDUSTRIAL and CHEMICAL FIELDS 


1200 N. Broap Street 
H. A. Kursiun, 19 


PHILADELPHIA 21, Pa. 


THE COSMA LABORATORIES CO. 
1545 East 18th Street Cleveland 14, Ohio 


Chemical Analysis — Testing — Consulting Engineering 
Testimony and Research 


R. W. Faiscumurn, Case 38 


H. Sermovur Cotron, M.I.T. °21 
Director Assistant Director 





Moran, Proctor, FREEMAN & MUESER 
ConsuLtinc ENGINEERS 
420 Lexincton AVENUE New York 17, N.Y. 


Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures, Soil Studies and 
Tests; Reports, Design and Supervision 
Pardo, Proctor, Freeman & Mueser 
I i Cc 1 Wuiusm H. Mvussen, ‘22 
Geonce T. Cumann, “23 





Ap. Correos 614, Caracas, Venezuela 





FABRIC RESEARCH LABORATORIES 


INCORPORATED 


Research, Development and Consultation 
for Textile and Allied Industries 
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E. R. Kasweut, °39 


665 Boylston Street 


W. J. Hameunces, *21 K. R. Fox, "40 


Witt W. Russet °22 Epcar P. Parmer °25 
PALMER RUSSELL CO., Realtors 
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Loan Correspondent for the Penn Mutual Life Insurance Company 








GILBERT ASSOCIATES, INC. 


ENGINEERS AND CONSULTANTS 
Malcolm G. Davis °25, Vice President Allen W. Reid "12 E. C. Edgar °35 


Steam, Hydro, Diesel Power Plants; Industrial Structures; 
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FAirmount 5105 
FRANK MASSA 


Electro-Acoustic Consultant 


EXpress 7766 


3393 Dellwood Road 3868 Carnegie Avenue 
CLEVELAND, OHIO 








YOU GET 


WITH MASONEILAN 
INSTRUMENTS Model Nos. 2500 and 3500 Pres 


sure and Temperature Controllers 
for the simpler processes. 





Model Nos. 2100 and 3100 Indicating Model No. 2100 Indicating Proportional Model No. 2300 Indicating 


Pressure and Temperature Controllers. Pressure Controller. Proportional-Reset Pressure Controller. 


Model Nos. 2010 and 3010 Model No. 2110 Recording Proportional Model No. 2110-9 Time Cycle 
Pressure and Temperature Recorders. Pressure Controller. Proportional Controller. 


Masoneilan Instruments have long been speci- Before you buy get all the facts on Masoneilan 
fied in the petro-chemical industry for control of | Instruments. Their accuracy, versatility and de- 
pressure, temperature, liquid level and/or ratio. | pendability pay off in long-lived performance. 
They give proved performance plus adaptability | Call our nearest office for full details. 
which makes them fit in practically every control 
application. Interchangeable parts and sub- 
assemblies permit quick easy changes, in the 
field, from one form of control to another 
by simply adding or removing standard 
parts. There are indicating, recording 
and/or controlling types. 

New York, Batialo, Chicago, St. Louis, Pesbersh Houston 1190 ADAMS 5ST., BOSTON 24, MASS. 
Philadelphia, Cleveland, Cincinnati, Tulsa, Atlanta, Denver, Los Angeles, San Francisco * Mason Regulator Co. of Canada, Ltd., Montreal and Toronto 
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HEAVY DUTY ROAD WORK (Above) requires Condor 
Duck Plied Water Hose. 


PILE DRIVING (Below) with Condor Pile Driver JACKHAMMERS — Right: Condor Homo-Flex Air Hose, 
Hose on a bridge project. lighter, easier to handle on Jackhammers. Exceptionally 
resistant to ragged rock punishment, 


DAM EXCAVATION —Above: Draining low portion 
of a dam excavation, 300 G.P.M. against 90’ head. 
Manhattan Suction Hose stands up on big jobs. 





HARBOR WORK—teft: 2 6- NANTAHALA TUNNEL—Condor RAILROAD BRIDGE — Above: Drilling 30’ 
ply Condor Hydraulic Hose, 2 Tunnel Air Hose and Homo- holes in concrete piers of old railroad 
8-ply activating a clam shell Flex Air Drill and Water Hose bridge, job that calls for Condor heavy duck 
bucket on a dredge. used in driving a 5-mile river-di- ply air hose on manifold feeds, and lighter, 

version tunnel inNantahala,N.C, highly flexible Homo-Flex Hose on drills, 


On jobs like those pictured here, profit depends on the heavy demands of big projects. Each hose is built 
pushing up the schedules. You cant afford hose fail- for a specific service ... You can rely on Manhattan’s 
ures when men and machinery must wait for replace- 54 years of engineering experience for hose that 
ments. Condor hose constructions are engineered for keeps you ahead of schedule. 


Bulletin 8688 shows many other case history photos of Manhattan hose, conveyor belts, transmission belts 
and V-belts in action on history-making construction jobs. Your copy will be sent with no obligation. 
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Keep Ahead with Manhattan 
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 MANMATTAN | RUBBER DIVISION PASSAIC, NEW JERSEY. 


Thomas H. Boyd, ‘23 Wilder E. Perkins, ‘25 Charles P. McHugh, '26 Daniel J. Hanlon, ‘37 Albert W. Beucker, '40 
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‘e EASIEST Way To Measurél 


INDUCTANCE - RESISTANCE + CAPACITAN( 





iE 


@ Completely self-contained, portable and always set up 
for immediate use, this impedance bridge is indispensable 
in any laboratory where electrical equipment is used. No 
hastily putting together a circuit, finding an oscillator, detector 
and power supply ...they are all here permanently as 
sembled in an accurate instrument ... always ready for use 
at any time. 

Over the major portion of its ranges this bridge is accurate 
for the majority of routine measurements in any laboratory, 
Its ranges are: 


INDUCTANCE: 1 microhenry to 100 henrys 
RESISTANCE: 1 milliohm to 1 megohm 
CAPACITANCE: 1 micromicrofarad to 100 microfarads 
STORAGE FACTOR (X/R): 0.02 to 1000 
DISSIPATION FACTOR (R/X): 0.002 to 1 

Included in the walnut cabinet are built-in standards, bat 
teries, a 1000-cycle tone source for a-c measurements, @ 
zero-center d-c galvanometer null detector and terminals for 
a headset for 1,000-cycle detection. Terminals are provided 
for an external generator for measurements from a few 
cycles to 10 k.c. Direct-reading dials add greatly to the eas 
and rapidity with which measurements can be made. 


TYPE 650-A IMPEDANCE BRIDGE .. . $240 
WRITE FOR COMPLETE INFORMATION 


&} GENERAL RADIO COMPANY  resscs: 


90 West St., New York 6 920 S. Michigan Ave., Chicago 5 950 N. Highland Ave., Los Angel 





S-.- — 
é , i 
ini 





ge 
Se’ 


gele 


